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APPENDIX A 
SAMPLING, ANALYSIS, MEASUREMENT AND ERROR 
This appendix comprises sunmariss of sampling Methods and 
analytical procedures including counting and an assessment of 
the lover Unit of detection. The appendix is concluded by an 
estimate of the precision and accuracy of the data. 
A.l. Sampling methods 
To estimate a variable in a population (cf.B.2.), it is usually 
impossible to measure the whole population. Instead, a sample 
must be taken, i.e. a number of individuals are selected from 
the population and measured. This selection should be made so 
as to obtain a truly representative sample of the population, 
which is best done by random selection. In the present study, 
the various sample locations and sampling intervals were 
selected beforehand with a view to being representative of the 
area studied with respect to food production, rainfall and soil 
characteristics, and to ensure that seasonal and yearly 
variations were taken into account. Once these locations and 
sampling intervals had been determined, sampling was carried 
out randomly. 
The present sampling programme was designed for a study of the 
environmental radioactive contamination from global fallout in 
Denmark, the Faroes and Greenland. As both population and 
food production were concentrated in Denmark (5 * 10 inhabi-
tants), most samples were collected there. On the other hand, 
Greenland (S • 10 inhabitants) and the Faroes (4 • 10 inhabi-
tants) were not neglected because the special environmental 
conditions and dietary habits in these territories can enhance 
the dietary intakes of radionuclides by the local populations; 
in other words, the radioecological sensitivity of humans may 
be higher in the Faroes and Greenland than in Denmark. Sampling 
in the Faroes and Greenland was carried out with the help of 
doctors, pharmacists, and staff at telestations and meteoro-
logical stations. However, it was not always possible to obtain 
all samples specified in .the programmes because communications, 
especially with remote locations in Greenland, were poor. 
The Danish sampling programme was intended to yield data on the 
radioactive contamination of the various foods both where they 
were produced and at the site of consumption. The production 
levels were estimated from two main sampling systems: the seven 
dried milk factories (Fig.A.1.3.2), which yielded an estimate 
of the radionuclide levels in Danish milk products, and the 
eleven state experimental farms (Fig.A.1.1.3.1 and table 
A.1.1.6.2) from where samples of precipitation, soil, gra*n, 
potatoes, milk and fodder were-obtained. The sampling system 
for the consumption site consisted of the 48 provincial towns 
(1.14 • 106 inhabitants) in the 8 zones (Figs. A.1.4.2.1 and 
A. 1.4.2.2) and Copenhagen (1.35 * 10 inhabitants). The samples 
from this system were purchased in local stores and consisted 
of all diet components, besides simultaneous collection of 
individual samples of bread, dairy milk and vegetables. 
The sampling methods that were applied in the present study are 
summarized below in the tables denoted A.l. followed by two 
digit? identical to the numbering in the main text of the sample 
category in question. The sampling locations are shown in 
corresponding figures. Hore detailed information on sampling 
methods appears in the Ris# Reports referred to in the table 
heads of the various samples. Sampling principles for assessment 
of radioactive contamination in the environment have, moreover, 
been dealt with in several publications (Harl72, H666, Ka7tf). 
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T»»l« A.l.1.2. Saaplin* of *ir 
mom* 
S I M 
Locality 
N r M 
Frequency 
Roel M M 
Small M ^ l t r (He 54-57) 
H f e t peper f i l t e r s 
300-400 n3 day"1 
Ms* 
3 m aeowo the eround 
Sine* 1»S« 
Continuous op«ration 
daily saaøles 
" s r eMSr) 
Larea saapler (MIO CO) 
2 rectangular olass fibre 
f i l t o r s . S« x 4« c« 2 each 
3*000 m"3 day - 1 
Ris« 
3 • above tho ground 
Sine* IMO 
Continuous operation 
half-weekly samples 
*°Sr C*'sr), Y-eaitters 
•special ly 137Cs 
Pooling The daily Maples for Radlostrontlum on 
before 1 Month ara coefelned Monthly aliquot*. 
analysis Y on half-weakly total 
saaplas 
Reeerks niter efficiency Filter efficiency 
- 100% ~ lOOt 
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T»bU » . 1 . 1 . 1 . 1 . 
Mathod 
S i w 
local i ty 
rar lod 
rroquaney 
Huclldaa 
Pool Ina 
bafora 
tnmlyl* 
(aaarka 
Saall ram 
bottlaa 
( M M * 1) 
(MD 401 
Elaht 
polyathylana 
bottlaa »t th 
polyathyalena 
funnala 
taaplln« 
araa of tha 
t bottlaa. 
0.14 B 2 
> location« 
at M M and } 
In tha nalah-
bourhood 
fine« IMO 
Contloaoua 
•aasllnfi 
bottlaa 
eaehanoad 
Bonthly 
M i r ( M » r . 
THa alaht 
b o t t l « 
eoafelnad to 
ona Monthly 
aaaple 
fine« 1*73 
quarterly 
Mavlee 
Ion aachane* 
eoliarna 
( M M I 2) 
(MS i l . DUO t i ) 
rtva 
Ion aachanf« 
colama wit« 
polyethylan* 
fannala 
Dovex SO a ft 
Oowm 2 a • 
tMBl lnf 
araa of the 
5 aaanlara 
0.13 m2 
(0.25 a* 
baforo H7?) 
5 location« 
at M M Idantleal 
to then« of 
tha ralabottlaa 
llnea 1**2 
Contlnuoua 
aaaollnoi 
columna exehaaaed 
aonUlly 
*" f r ( * * l r ) . 
In a fa«r caaaa alao 
Y-epeetroneopy 
Tha f lv« 
colaerne 
coablnad to 
ona nønthly 
aaapla 
Sisee 1*73 
quarterly 
aaajplaa 
1 • eaaa>ler 
( M M • 3) 
(•a 54-57) 
a. q ladratle 
atalnlaaa 
ataal 
eaavler 
I . 2 
M M 
i»45-1*70 
Continue«* 
eaapllna« 
water eollec-
tad aftar 
ra in fa l l 
»
e
»r ( w « r . 
Tha dally 
aaaplM 
eoactlnad to 
a aonOily 
aaapl« 
Neteoroloay 
tower 
( M M M 4) 
(UO 541 
tlalit 
polyethylene 
bettlee at 
dlffarant 
helvhta In tha 
121 n tower 
lach bott le 
had a funnal 
wi*h a a j w 
pltne araa 
of 154 em2 
Heteeroloay 
tower at R IM 
1»5«-1474 
Contlnuoue 
aaaslinai 
bottlaa «»-
chanfad 
•onthly 
M i r ( ' »» r l . 
occasional iy 
137,.., U4C % 
Tha eontant 
of ««ch bott l« 
1« analyiad 
1»71-1»72 quar-
te r ly , tn 147J 
half-yearly and 
In 1*74 .early 
aeBplee 
state eap. 
fame 
istrr ) 
(WD 42) 
Thra« 
polyathylan« 
bottlaa at 
aach atatlon 
with » t e a 
funnala 
Saaellna 
araa of th« 
1 bottlaat 
0.15 B2 
( f ig .A .1 .1 .1 .1 . ) 
Tha atata e«p. 
farma 
llnea 1*42 
Contlnuoue 
eaapllnei 
bottlas ea-
cbaneed aonthly 
»°fr <»" r) 
•laonthly 
MBplaa ara 
analyiad froa 
aaeh atatlon 
ate. 
tadrabora we« 
Ineludad fro« 
1*45 
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srM 
56°N 
55°N St JyndcvodO 
0 50 ml 
1 i i i » i i i i i l lun 
«•£ ire tre 
r i g . A . 1 . 1 . 3 . 1 . Stat* cxacriawntal (aras ia »rk. 
Sampling locations (or precipitation (Tabic A.1.1.1.1-1, 
soil (Tabic A.1.1.*.l.i, grain (Tabic A.I.2.2.), crass and 
other fodder products (Tabic A. 1.2.4.1, cctatccs i Takl« 
A.1.2.5.1.), and whole »Ilk (Table A.1.1.2.)s (cf. alec 
table A.1.1.6.2.). 
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Table A.1.1.3.2. Sampling of precipitation in the Faroes and Greenland 
Meteorological 
rain gauge 
The Faroes (RRF 62) 
Meteorological 
rain gauge 
Greenland (RRG 62) 
Method Standard rain gauge 
as used by 
Meteorological 
Institute 
Standard rain gauge 
as used by 
Meteorological 
Institute 
Size 200 cm 
at each location 
Locality Heyvlk (Thorshavn) 
and Klaksvik 
(Fig. A.l.1.3.2.) 
200 en 
at each location 
Upernavik, Godhavn 
Godthåb, Pr. Chr. Sund, 
Kap Tobin (Scoresbvaund) 
(Fig. A.1.1.3.3.) 
Perlod Since 1962 Since 1962 
(irregular) 
Frequency Continuous sampling. 
Precipitation samples 
are sent monthly to 
Denmark in polyethylene 
bottles 
Continuous sampling. The 
samples are combined in 
polyethylene bottles and 
sent to Risø every quarter 
Nuclides 90Sr (89Sr, »°Sr (MSr> 
Pooling Monthly samples from 
before each of the two 
analysis stations are analyzed 
Quarterly samples from 
each of the five stations 
are analyzed 
Remarks Due to evaporation during the storage of the bottles 
in the Faroes and Greenland, the concentrations found 
In rain water may be overestimated, but the total 
deposition is uninfluenced. 
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7°W 
62°N 62°N 
7CW 
Pig. A.1.1.3.2. The Parous. Sampling locations for pre-
cipitation (Table A.1.1.3.2.) drinking water (Table 
A,i.1.4.2.), sea water (Table A.1.1.5.), soil (Table 
A.1.1.6.1.), bread (Table A.1.2.3.), grass (Table A.1.2.4.), 
potatoes (Table A.1.2.5.1.), sea plants (Table A.1.2.7.), 
milk (Table A.I.3.3.), mutton (Table A.1.3.4.2.), fish 
(Table A.I.3.S.), whale (Table A.1.3.6.1.), sea-birds and 
eggs (Table A.1.3.6.2.), human bone (Table A.1.4.3.), and 
deciduous teeth (Table A.1.4.4.). 
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W N 6C°W 40CW 20°W 80°N 
40°W 
rig. A.1.1.3.3. Greenland. Sampling locations for pre-
cipitation (Table A.l.l.3.2.), drirUng water (Table 
A.1.1.4.2.), sea water (Table A.1.1.5.), soil (Table 
A.1.1.6.1.), grass (Table A.1.2.4.), lichen, moss and 
berries (Table A.1.2.6.), sea plants (Table A.1.2.7.), 
mutton, reindeer an<t musk ox (Table A.1.3.4.2.), fish 
(Table A.1.3.5.), whale and seal (Table A.1.3.6.1.), sea-
birds (Table A.1.3.6.2.), and deciduous teeth (Table 
A.1.4.4.). 
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Table A.1.1.4.1. Fresh water stapling in Denmark 
Method 
Sis* 
Locality 
Period 
Frequency 
Nuclides 
Fooling 
before 
analysis 
Remarks 
Ground 
water 
(RAD C D 
The water was 
pumped up from 
borings selected 
by the Geologi-
cal Survey of 
Denmark 
100 1 
In a polyethy-
lene container 
Countrywide 
from 9 lo-
cations 
(rig. A.1.1.4. 
1.) 
Since 1961 
Once a year in 
March 
,0Sr, Ca, Sr 
Individual 
samples 
analyzed 
Stream 
water 
(RltD 71) 
The water was 
collected di-
rectly in the 
polyethylene 
container from 
the surface 
10 1 
One streaa in 
each of the 
eight sones 
(Fig. A.1.1.4. 
2.) 
Since 1971 
Every second 
year 
»°Sr (137C.) 
Ca, Sr (X) 
Individual 
samples 
analysed 
Irregular 
sampling 
19(4-1970 
Lake 
water 
(MID 71) 
The water was 
collected froa 
the surface in 
the same way a 
the streaa 
water 
10 1 
One lake in 
each of the 
eight sones 
(Fig. A.1.1.4. 
2.) 
Since 1971 
Every second 
year 
»°Sr (137C.) 
Ca, Sr (K) 
Individual 
samples 
analyzed 
Irregular 
sampling 
1964-1970 
Drinking 
water 
(RAD 65) 
The water was 
collected from 
taps in 10 1 
polyethylene 
bottles 
10 1 
from each town 
48 towns 
and Copenhagen 
Fig. A.1.4.2.1. 
and Fig. A.1.4.2.2. 
1965-1973 
1965-68 in June 
and Dec. 1969-
1973 in June only 
,0Sr 
The samples from 
6 towns were 
combined to a 60 1 
zone sample. 
Cph. was one sample 
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WE 
57°N 
56°N 
12°E 
55°N 
57»N 
569N 
Remi 
55°N 
VS°N 
WE 12°E 15°E 
r io . A .1 .1 .4 .1 . Ground-watar saaplina locations i.i 
Danmark 'Table A.1 .1 .4 .1 . ) . 
I 
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WE 12«E 
5T»M 
56»H 
57»N 
56°N 
55"N -Hostrups« 
0 50 W 
1
- • • * ' • • • • ' k m 
55*N 
tals« 
WE 12°E 15°E 
Fla. A.l.1.4.2. Sampling locations for fresh vater fro* 
streams (1) and lak. » (so) (Table A.1.1.4.1.). 
Table A.1.1.4.2. Drinking water stapling fro* th* Faroes and Greenland 
Method 
Sis* 
locality 
Period 
Frequency 
Nuclides 
Pooling before 
analysis 
Faroese drinking water 
inr t2> 
Tap water 
10 1 
Thorshavn, Klaksvig and 
Tvaxl (Pig. A.1.1.J.2.) 
Since 1962 
Every second Month 
'°»r (MSr> (Ca) 
Analysis of the individual 
staples 
Greenland drinking water 
(MKS 62) 
Drinking water at the lo-
cation 
10 1 
Upernavik, Godhavn, Godthib, 
Pr. Chr. Sund, Danmarkshavn. 
(Pia. A.1.1.4.3.) 
Since 1962 
Every quarter (irregular) 
»°Sr «M£r> 
Analysis of the Individual 
samples 
irks In 1967 supplementary 
samples were obtained 
from the water-works in 
Thorshavn 
Other locations than the five 
mentioned above have occasion-
ally also provided water 
samples 
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Table A.1.1.5. Sampling >v' sea water 
Inner Danisr: North Sea 
waters (RRD ''2) 
(RPD 62, RBI) ?0) 
Method Pumping up 
through 
rubber tubing 
into a polyethy-
lene container 
Pumping up 
or using a 
100 1 water 
collector. 
Sampling per-
formed by H/S 
DANA 
North Atlantic 
ocean (Faroes) 
(RRF 62) 
Greenland waters 
(RRG 62) 
DANA cruises 
and local 
people in the 
Faroes 
DANA cruises 
and local 
people at tele-
stations in 
Greenland 
Size 50 1 50 1 50 1 
(occasionally 
100 1) 
50 1 
(occasionally 
100 1) 
Locality Surface and 
bottom water 
from the lo-
cations shown 
in fig. A.1.1.5. 
Generally surface Ocean water 
waters from 
varying posi-
tions, cf.maps 
in Rise Reports 
(RRD 59-76) 
between Den-
mark and Ice-
land. Coastal 
waters at Thors-
havn (generally 
surface water) 
(RRF 62-76) 
Danmarkshavn, 
Pr. Chr. Sund, 
Godthåb Thule 
(RRG 62 .76) 
surface water 
Period Since 1962 Since 1972 Since 1962 Since 1962 
Frequency In May-June 
and in Nov.-
Dec. 
Usually twice 
a year (Feb. and 
in summer) 
Thorshavn 2-4 
times per year. 
DANA cruises 
once a year 
(Irregular) 
Local samples 
in August. DANA 
cruises once a 
year 
(irregular) 
Nuclides 90Sr, 1 3 7C. 
(Ca) (Sr) CI 
90Sr, 1 3 7C. 
CI 
90Sr. 1 3 7C. 
CI 
90Sr, 137Cs 
CI 
Pooling Neighbouring 
locations were 
pooled in the 
first years 
No pooling 
but not all 
samples were 
analyzed for 
90Sr 
No pooling No pooling 
Remarks No analysis for 
137Cs until 1972. 
Recently. 90Sr 
has not been de-
termined in all 
samples 
Deep water 
pimples were 
occasionally 
obtained from 
the Atlantic 
Ocean 
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56*N 
30" 
55»N 
30' 
56"N 
» • N 
13°E 
f l å . A .1 .1 .5 . S«a wat«r saaiplin? locations around Zealand 
(Tabl« A . I . I . S . ) . 
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•a • I l e a * ara 
i l k j f*r aaalrsa* • * « * 
" c * w i m t -a ( a l l >«**!« 
M a>*t: 
10 «a aarttaa* a t r * 4 
1« * * • • aaaalHHM t * ***a}ta* tk* 
vartlcal alatr i fcat l** * f tk* 
a r t l * l t r I * ! * . ».».2.1 
m aafcllalHat 
I * »ta* **aart« 
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«•€ W£ 
rig. ».1.1.«. Soli sampling locations of spec)al soil 
saatpUna in Saptaabar 1970 (cf. Tabla A.l.l.t.l.). Tha 
annual aaan amounts of precipitation '.nm 59-77) vara: 
A: 100-tSO Mil •: 700-750 Hk* C: t00-tS0 «M» D: 500-550 MR 
and C: 400-450 wm. Locations r-J war« all in tn« ranaa 
S50-700 w . 
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Tafcla A.1.1.4.2. Characteristics af tha saaplla« lacatiaM .•* aall, aracipitatla« 
variaaa aarlcaltaral prs ise t» la Oaaaarfc (ef. ri«. A-l.l.).!.) 
Lacatla« 
CLat. «) 
(baa«. C) 
aracipitatloa 
la aat (La 71) 
m s t r o p 
(57* M | 
I l t ' M M 
CM* 13«» 
I M ° 1»M 
15«° M') 
rt° 57•) 
154* MM 
l»° MM 
M l 
MS 
M 3 
M « 
•24 
CS4° M M 
KAaastadaaard CII 
J5S° 25M 
(10° 2»M 
TYStofte 
(55° 1«M 
U l ° 2CM 
viBrogaard 
(55° 44M 
(12° JSM 
(54° S2M 
(11° 17M 
ARIrkaby 
(55° 04M 
{14° JJM 
RIM 
(55° 40M 
(12° 0«M 
553 
M5 
•15 
«41 
517 
Teatare claaa Vaealtlvated aall lecatlea* 
(La 71) 
(caltlvated rartl- Cattl« aaaarks 
aall) llcers 
saady e**y 
sandy 1« 
sandy clav 
loaa 
sandy clay 
loaa 
r*» 
loaa yes 
clay no 
sandy clay yea 
loaa 
y*» 
no 
yaa 
yaa 
yas 
rly 
•y 
a straaa 
haathar 
grass field 
fallcw flald 
fallow flald 
yaa no qrass flald 
yaa yaa grass flald 
low-lying 
grass flald 
two sltas 2 k* 
apart, grass 
flald 
UDreborg was slailar to RIM with raspect to praelpltatlon and soil 
(55° J*') characterisation 
(12° 00M 
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Tab!« A.t.2.2. SaaplliMj of grain la D n u r k 
Annual saaples of ry*. barlay. Special rye Greenhouse 
wheat and oats froa »-he stata saapllng experiment 
experimental fanaa (IWO 59. 1959 (MID to) (MIL C2) 
M O CI) 
Samples of «raln froa the 
harvest are collected by 
staff at the state 
experimental fa 
Aye samples 
were collected 
by the staff at 
27 Danish alll« 
Various grain 
species Mere 
grown inside 
and outside a 
greenhouse 
Site 2 kg 2 kg 1 - 2 kg 
grain and 
1 - 2 kg straw 
locality The state experimental 
fare* (rig. A.l.1.3.1.) 
19 locations 
In Jutland 
4 in runen 
3 in tealand 
1 in Lolland 
Kis« 
Perlod Since 19S9 In 1959 1M2-196C 
frequency Annually at harvest At harvest 
nuclides M S r , < M . r ) . ( 5Sm), 137cs, 
f2,»'2«°Pu>. ca. K, Sr 
»0 Sr, Ca ,0Sr, (MSr) 
<54Hn), l 3 7C. 
Ca, K 
Pooling 
before 
analysis 
Individual saaples analysed Individual Individual saaples 
saaples analyted analysed 
irks Rye: Secale cereals This ssapling 
(spring and winter varieties) suggested that 
Barleys Nordeua sp. the state exp. 
(spring and winter varieties) farms repre-
NheattTrltlcua sp. sented the 
(spring and winter varieties) country average 
Oatsi Avena sp. with regard to 
90 (spring varieties) Sr in rye 
The air supply to 
the greenhouse was 
filtered in order 
to avoid direct 
contaaination 
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Table A.1.2.3. Sampling of bread and other cereal products 
Danish bread 
(RRD 62) 
Faroes« bread 
(RRF 64) 
Oat grits 
and rice (RRD 60) 
Method Samples of rye and 
white bread 
were purchased in 
local shops 
Samples of Faroese 
rye and white bread 
ware purchased in 
Thorshavn 
Usually 
purchased in shops 
in Copenhagen 
Size 1 rye loaf (100% 
extraction) and 2 - 3 
whit* loaves (75% 
extraction) in each shop 
1 rye loaf (-80% 
extraction) 2 - 3 white 
loaves (-75% extraction) 
1 - 2 kg 
Locality 6 towns in each of 
the 8 rones + Copen-
hagen (Pig. A.1.4.2.1. 
and Pig. A.1.4.2.2.). 
Since 1973 in 8 towns 
only + Copenhagen (Pig. 
A. 1.4.2.3). 
Thorshavn 
(Pig. A.1.1.3.2.) 
Copenhagen 
Period irregularly 1960-1961 
(RRD 60, RRD 61), since 
1962 regularly 
Since 1964 Since 1959, 
(irregularly) 
Frequency In June and December. 
Sine* 1971 in June 
only. During 1962 every 
quarter 
In June and December Once a year 
in December 
Nuclides 90Sr, 137Cs (5*Mn) 
Ca, K 
»°Sr, " 7 C . 
Ca, K 
90Sr, 1 3 7C. 
Ca, X 
Pooling Samples of each type 
before of bread are pooled 
analysis from the towns within 
each zone, thus 9 rye 
loaf samples and 9 
whit« loaves analyzed 
each time 
Analysis of each type 
of bread from the 
individual samplings 
Individual samples 
analyzed 
Remarks Other types of bread 
sample have also been 
investigated: crisp 
bread, light rye bread 
(80% extraction) and 
coarse white bread of 
rye (70% extraction) 
A supplementary 
sampling took place in 
in April 1967 (RRP 67) 
A special sampling 
of unpolished rice 
took place in 1970 
(RRD 70) 
- 2 < ? ^ -
H » U » . I . I . « . M B » t X * f « M M val M I M f l M i r • • • « • « • 
(•• M-lTl m u < 1 * l t r a t i ; * 
I B MM 
2-1 cm i 
•» (c* . 
».1.1.1.1 
t f ! • * * * • • * * » . M l * a * « • * 
l « r *« * »*- *a * * t 
» - I I 
* * a * M I - I •*> 
1 •» ( R O - I M j t « 
I- 1 «A 
- I - 2 • * 
u n l i t f »- » l«ca*i  
( n s Ma> i r * t . ! . » . U l l i n 
n-««*v< tru. 
S . . . 1 . 1 . I . ) 
t i r t ka ; 
ir»»- a. i . i . i .n 
»r »»•- ».s.i.i.u 
Unix sue* i«» 
xvn 
Stan* M l l u o i « u ii<-
r i r 
>•*> l l r -
Imlf 
H | > H I | I M I I H I T I t * * I « HBt 
aM* l n « « U | taan « ' 
M c l U r l 
•1ST 
" » * «"Sr l * " s * ("*Sr» •S, 
• i r * 
(•ra 
•tral« 
M l 
» 1 
M d i y s u «c 
uatlwlfeal 
aaatyMa * f afcrat* * f 
l l n l a i 
•ri*« 
S* *aa ty * l * 
Sa*B>laa »ffta* 
1 M M H 4 l» 
J * M al«* 
r i g . » .1 .2 .4 . SanpHrxi locations around Klat) for cjrass 
( ® Tabla A . l . 2 . 4 . ) and aca plant* (.'. Tabic A . 1 . 2 . 7 . ) . 
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Table A.1.3.5.1. Sampling it cabbage, carrots, pot »toe a. and apples 
Danish cabbeoe Danish earrots Danish potatoes 
(MO tl, M D »4, (HID «1. MU> <« (UD 40) 
u » »») n o ••) 
rare** * potato«« Danish apples 
(MT (2) (BK> »4, M D 44) 
Purchased in Purchase* in Ths saapLee 
•arkets or at Markets or at are collected 
local dealeri local dealers by staff at the 
state exp. fare« 
The samples Purchased fro* 
are collected local dealers 
by local people 
Approx. 2-4 k« Appro*. 2-4 kf 
fro* each dealer frost each dealer 
5 ke 2 ke 2 - 4 ke 
Locality The • tones and As for ctbbsoe, The s t a t e esp. 
Copenhagen alone unt i l IMS. farms <ri«. A . 
with the to ta l Since 1*44, Pif. 1 .1 .3 .1 . ) 
d i e t sampllne A . 1 . 2 . 5 . 1 . 
in Dec. ,cf. 
table A . l . 4 . 2 . ) 
Usually i n the The • tones 
the neifhboor- (cf . carrots) 
hood of Thors-
havn ( r i f . A . l . 
1 .1 .2 . ) 
rarlo« 
r n t M ^ y 
•»el i tes 
s m a 1H1 
( •»apt 1*U) 
One. a year 
( t tc . ) 
»°»r, " \ . 
Ca, l l r ) , I 
»DC* 1MI 
(•scant 1M2) 
One* a yaar 
tfaat.-Dac.) 
» V . l " c . 
Ca, (SO, K 
sine« l»J« 
One« a ymr 
in f«nt.-Oet. 
M S r , » T c . 
Ca, X 
Since I t « 
(Irreeularly) 
Usually oaee 
a year 
( irreeslarlyl 
W
. r . l " c . 
Ca, « 
Sine« 1*«) 
On?a a year 
In »»ft.-Oct. 
« » r , l " c . 
Ca, > 
Poolin« A and B towns Sasplea within 
before wore usually ana- a sono usually 
ana lys i s lysed separately, pooled 
but t o w s within 
a tone wire 
cosBlned 
Individual 
s a s s l e s analysed 
Individual Samples pooled 
samples analysed in to tone s taples 
Boasrha In 1443 cabbaee and earrots only 
reprtsented by Blånestedolrd 
(Table A.1 .2 .5 ,2 . ) 
10'E 12°E 
57° N 
56°N 
55°N 
57°N 
56°N 
55°N 
55»N 
10° E 12°E 15"E 
Fig. A.1.2.5.1. Sampling Iceatlona for vegetables and 
fruit since 1966. (Tables A.i.2.5.1. and A.1.2.5.2.). 
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Tabla A.l.2.1.2. Sanplina of various vaaatablaa and frult 
Bruasala aprouta 
sanpllnu 
( M D » 2 , MID »31 
Hoskllda IMO alantstadalrd Danish Inportci f r u l t , 
sas*>llns, aaapllna countrywda (MU) »J> 
(MD *0> IMD i2) aanpllna c» f !M and taa 
(MD »2. M» i « , (MK) »J> 
UK) M) 
Laavas of 
bruaaala aprouta 
WHharad 
throughout tha 
arowlna aaaaon 
by local staff 
All avallabla 
vaaatablaa and 
frult purchaaad 
at tha narkat 
All avallabla Vaaatablaa and Sanpias purchaaad 
vaaatablaa frult, apart for fron aupamarkata 
aroun at Slang- cabasaa. carrota In Copanhaaan 
atndfird col- and applaa, pur-
lactad by tha chaaad In local 
ataff shop« 
Approx. 1 kf 
fraah vwiaht 
1 - 2 kf 
fraah wsialit 
2 ka 1 - 2 ke 1 - 2 ko 
fro« aach of 
3 storaa 
l o c a l i t y 51a axp. 
horticultural 
atatlona for 
vaaatablaa 
IMa. » . 1 . 2 . 5 . 
2 . ) 
•toakilda 
(Xaaland) 
• lanastadalrd 
iria. A.1.2.1. 
2.) 
Tha I xonas • 
Copanhaoan 
(ef. carrots) 
Copsnhaaan 
1 H 2 - 1 H ) 1H1 
(Jun 
l ine« 1»*2, 
(lrraoularly) 
Slnca 19*2. 
( lrrasularly) 
fraquancy Bvary aonth 
(In 1*13 avary 
fortnlfht) 
Monthly or 
avary fort-
night 
Onca a yaar 
ISapt.-Dae.) 
Usually In 
1», 
K 
"Ir 
Co 
Ca, Ir 
'"Ir 
Ca, Ir 
'"Ir, •», Ir 
" e s 
I, Ca, Ir 
T JIr, " ' C « 
K, Cm, Sr 
Pooling 
befor« 
•»»•lyn i* 
Analysis of 
Individual 
•aspics 
Msokly samples 
pool«! Into 
aonthly »amplmm 
of sach spoc i s s 
AMlys l* of 
individual 
*a*pl«s 
Analysis of 
ion« samples 
Sampl*« fro* 
tho i »tor«« 
pooled befor« 
analys i s 
These samplings providod the sampl«« termed 
•J«f- and "toot* vegetables In fljs. 2.5.1.3.-
2.S.I.«. and 2.S.1.7.-2.S.1.10.* respectively. 
Tea and coffee 
ar« prepored as 
drinks bofer« 
analysis 
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10QE 12°E 
57° N 
56°N 
55°N 
56°N 
0 50 100 
1 i i i i i i i i i l k m 
10° E 12°E 15°E 
r i g . A . 1 . 2 . 5 . 2 . SamplIn? l o c a t i o n s for brusscla sprouta 
1962-1963 (Table A . 1 . 2 . S . 2 . ) . 
- 297 -
Tabla A.1.2.6. Sampling of Greenlandic lichen, mos* and barrie« 
Method 
Sis« 
Llchan 
Picked by local people 
~ 1 kg 
(but often less) 
Moss 
Picked by 
local people 
- 1 kg 
or lass 
Barries 
Collected by 
local people 
- 1 kg 
or less 
Locality Usually Nest Greenland Various lo- Especially 
(Egedeaalnde, Holsteins- cations in West Greenland 
borg, Sukkertoppen, Godt- s»st parts 
håb. Julianehib) but also of Greenland 
froai other locations 
(rig. A.l.1.3.3.) 
Period 
Frequency 
Nuclides 
Pooling 
before 
analysis 
Since 1962 
(Irregularly) 
Usually once during summer 
(July-Aug.) 
»°Sr, (MSr>, " 7 C . 
Ca, K 
Analysis of Individual 
samples 
Since 196« 
(Irregularly) 
S lianer 
(July-Aug.) 
»°Sr, 1 J 7 C . 
Ca, K 
Analysis of 
individual 
samples 
Since 1962 
(irregularly) 
Summer 
(July-Aug.) 
, 0Sr, l 3 7 C . 
Ca, K 
Analysis of 
individual 
samples 
Remarks These sampl** w**e not well Crowberries 
defined as regarda species, and blueberries 
parts of the plant and weight 
by unit area 
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Tab^e A.1.2.7. Stapling of sea plants 
Method 
Size 
Locality 
Period 
Frequency 
Nuclides 
Pooling 
before 
analysis 
Remarks 
Roskilde Fiord 
(RUD 59) 
Collecting 
frost boat by 
rake 
- 2 kg vet 
weight 
3 locations 
in Roskilde 
Fjord (Fig. 
A.1.2.4.) 
Since 1959 
Approx. once 
every quarter 
90sr (n7C.> 
Ca (Sr) 
Samples pooled 
from the 3 
locations to 
make half-yearly 
samples 
The species were 
werei Fucus 
veslcolosus 
and Zosters 
marina 
The Sound 
(RRD CI, Pet »2> 
Collecting 
from boat by 
rake (Danish 
Mavy) 
- 7 kg wet 
weight 
The Sound 
(Fig. A.1.1.5.) 
1961 
(March-Dec.) 
Approx. twice 
during the 
period 
90sr 
Ca, Sr 
Analysis of 
individual 
samples 
Five species 
Faroese waters 
(RRD C2) 
Samples col-
lected by local 
people together 
with sea water 
samples 
1 - 2 kg 
Off Thorshavn 
(Fig. A.1.1.3. 
2.) 
Since 1962 
Usually in 
April and 
August 
,0Sr (137C.) 
Ca (Sr) 
Analysis of 
individual 
samples 
Lamlnarla 
and Fucus 
species 
Green)andic waters 
(RRG C2) 
Samples col-
lected by local 
people together 
with sea water 
samples 
1 - 2 kg 
Along the Green-
land coast (Fig. 
A.1.1.3.3.) 
Since 19C2 
(irregularly) 
Usually once 
in the summer 
(July-Augu»t) 
»°Sr (137C.) 
Ca (Sr) 
Analysis of 
individual 
samples 
Lamlnarla and 
Fucus 
species 
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Table A.1.3.2. Sampling of Danish silk and silk products 
Dried Bilk 
(*M> 59. H O 61) 
Fresh dairy 
milk <MD CI, 
RRD 62, RRD S3) 
Untreated 
whole »ilk exp. 
farm (h./> (2) 
Untreated 
whole ailk 
(MO 59) 
Cheese 
(MID «3) 
Method Dairy inspectors 
collected 
pies 
Purchased in 
local dairies 
Collected 
directly at the 
state exp. fans 
together with 
grass (cf. table 
A.l.2.4.) 
Collected 
at • farm near 
Ris« 
Purchased 
in Copenhagen 
~ 1 kg Sise 1 - 2 kg 2 1 in each 2 - 4 1 1 - 2 1 
at each factory dairy at each fani each tis* 
Locality The seven dried 
Bilk factories 
shown in Pig. 
A.1.3.2. 
In the S sones 
+ Copenhagen 
(Pig. A.1.4.2.1. 
Pig. A.1.4.2.2. 
and Pig. A.1.4. 
2.3.) 
At the state 
exp. farms (Fig. 
A.1.1.3.1.) 
SvaleholM 
until 1968, 
later other 
neighbouring 
farms 
Copenhagen 
Period Since 1959 Since 19*1 1962-1970 and 
in 1977 
Since 1?59 Since 1963 
(irregularly) 
Frequency Honthly samples June and 
December 
In September Half-weekly 
samples 
Once a year 
Nuclides ,0Sr, (MSr) 
,131,, 137«,, 
K, Ca 
,0Sr. <«»Sr) 
<131I) 1 3 7C. 
R, Ca 
»°Sr, «MSr) 
c m » 137c. 
x, ca 
90Sr. <8»Sr> 
(131I} 137«,, 
R, Ca 
»°Sr, 1 3 7C. 
K, Ca 
Pooling One sample from 
before each month and 
analysis location 
Samples pooled 
into lone 
samples before 
analysis 
Analysis of 
individual 
samples 
Analysis of 
monthly pooled 
samplesi since 
196S quarterly 
pooled samples 
Analysis of 
individual 
samplas 
Remarks Only four In 1962-19(4 
factories until .»ample* ware 
Sept. 1961. Ra- also collected 
lundborg was re- in Kerch and 
placed by Ring- Sept. 
sted in 1969 
(RRD 69) 
In 1963-1964 
also milk from 
June 
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10°E 12°E 
10°N 12°N 15°N 
Flg. A.1.3.2. sampling locations for dried milk (Table 
A.1.3.2.). In 1959-1961 the samples were taken at Hjørring, 
Åbenrå, Odense and Nakskov. In 1962-1968 samples were 
furthermore obtained from Videbak, Arhus and Kalundborg. 
Kalundborg was replaced by Ringsted in 1969. 
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Table A.l.".3. Sampling of Faroese Bilk 
Fresh dairy Bilk 
(RRF 62) 
Other Bilk products 
(RRF 63) 
Method Saaples collected at local 
dairies and sent to Thors-
havn (Tjaldur Apotek) 
»utter and cheese 
occasionally obtained froa 
dairies 
Site 
Locality 
Period 
Frequency 
Nuclides 
1 1 Bilk fron each dairy each 
week 
Thorshavn, Klaksvik. Tver* 
IFiQ. A.1.1.3.2.) 
Since 19*2 
Meekly sampling 
WSr. ««'sr,. (i31I>. 1 , 7C, 
Ca, R 
~ 1 kg 
Thorshavn (usually) 
Since 19(3 (irregularly) 
Once a year 
M S r . 1J7C,. C.. R 
Pooling 
before 
analysis 
Pooled into Bonthly saaples 
fros each location 
No pooling 
Remarks Samples are preserved with 
forsaline 
Table A.1.3.4.1. Sampling of Danish neat 
Beef and pork froM 
Copenhagen 
(RSD 62, RRD »3) 
Veal from Copenhagen 
(RRD (3) 
Countrywide pork and beef 
stapling (RRD 63, KRD 64) 
Method The samples are purchased Purchased in three big 
in three big stores in stores together with 
Copenhagen beef 
Purchased at local dealers 
Size Approx. 1 kg of each 
kind of meat from each 
store 
- i kg — 0.2S kg in each shop 
Locality 
Period 
Copenhagen 
Since 1962 
Copenhagen 
1963-1970 
The S zones (Fig. A.1.4.2.1. 
and Fig. A.1.4.2.2.) 
1963-1964 
Frequency In Harch, June, Sep-
tember and December. 
Until 1966 only 1-1 
samplings every year 
As for bief and pork Dec. 1963, June 1964 
Dec. 1964 
Nuclides (90Sr), 1J7CS, (Ca), R 90Sr, 137C., Ca, K l,0Sr>, 1,7Cs, (Ca), R 
Pooling Each kind of meat is As for beef and pork 
before pooled from the 3 stores 
analysis before analysis 
In 1963: zone samples. 
In 1964s country samples 
(the zones were pooled) 
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Table A.l.3.«.2. Seaollaa of raroasa and Creealaadic 
Greenlaadlc laasi Greenland 
aad Button reindeer 
(MK »2. H O (11 IMO «1. M 
Greenland 
(MC •«) 
•ask os 
«2> 
collected by 
local people 
local 
people, or 
••ral Greenland 
Trad 
local 
la or 
rroa local 
kanters 
Royal Greenland 
Trade Coapeay 
Sis« 1 - 2 ko 2 kf 2 M 1 - 2 ko 
Locality Usually 
Tkorskavn 
irtf. A.l.1.3. 
2.) 
S.¥. Greenland Mast Greenland 
.Tullanekafc) between Boaéas-
(Fi* A.l.1.3.3.) »inde ans Julia-
nebeb 
Bast Greenland 
between Dai—rk»-
keva ans Scores-
by Sana trio. A. 
1.1.3.3.) 
forlod Sil 1M2 Since 1M1 
(irregularly) 
Since 1»«1 Since 1»' + 
(lrr*;-.-!.rly) 
Frequency Usaally twice 
a year 
Cace a year Usually twice 
a yean late 
winter and 
autena 
Once a year 
(winter; 
Nuclides *»Sr,1J7C. 
Ca, K 
(W«r>. 1 3 7C. 
Ca, K 
»°Sr. 1 J 7C. 
Ca, K 
*>Sr, 1 J 7C. 
Ca, K 
Fooling Analysis of 
before individual 
analysis saaples 
Analysis of 
individual 
»las 
Analysis of 
Individual 
»las 
Analysis of 
individual 
saaples 
Remarks Also bone Also bone Also bone Also bone 
analysis analysis analysis analysis 
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Tool« A.l.3.5. Sanolino of fish 
Danish fish 
(H» CI, rot it) 
rarocs* fish GreonlanaUc fish 
IMC »2) 
Method Samples ar* porch**** 
troa fish dealers la 
Zealand, or fished oat 
when sea w t w saaelina; 
(Table A.l.1.5.) 
Samples of cod and 
»•Meet fillots 
•r* purchased to 
Th* saap'es or« 
obtained threw** local 
paapl* or purchased 
frost th* Royal Greenland 
Trad 
Sis* 2 - * k« 4 k« 4 k« 
Locality Inner Danish waters: 
Th* Sound, Catteoat 
and to* Croat Delt. In 
1970 froa th* north Soa 
(MD 70) 
north Atlantic Greonlandlc coastal 
waters (mostly Most 
Greenland) 
Period 
Frequency 
nuclide« 
Pooling 
befor* 
analysis 
Sine* 1M1 
Usually one* • y*ar 
(in autumn or early 
winter) 
"sr. " 7 C . 
Ca (Sr), • 
Individual fish of 
saw* »r^cies are 
normslly pooled if 
weighing less than 
1 kg 
Sine« 1 H ) 
4 - 4 tines a year 
»°Sr, 1 J 7C. 
ca, K 
Th* individual 
species ar* 
analysed frost each 
samplin« 
Sine* 1M2 
One* a yoar. 
usually Sumner 
"sr. " 7 C . 
Ca, K 
As for Danish fish 
Remarks The species ar*; cod, 
plaice, herring and 
occasionally M l , 
saloon, mackerel, 
garfish and trout 
These samples ver* Cod, Cr**nland halibut, 
usually free of bon* saloon, trout and angnag-
satter 
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Table A . l . 3 .4 .1 . Sanollr.« of S M M M l l 
raroaee wnale Craaajlaad whale Greenland seal 
inr M I (wc cat HUK *2> 
Method rr« local people Proa local people fro« local people 
or threaaji Royal or throueh Rtyal 
Creealaad Trade Creealaad Trade 
Coapeay Cif any 
Sil« 
Locality 
rarlod 
Frequency 
Nuclides 
•oollne 
bafora 
analysis 
2 - 4 ko (amt) 
Grind whale 
Paroaa« notars 
Since 1942 
(irregularly) 
Oaea a yaar 
»Sr. " 7 C . 
ca, R 
Individual sanpies 
analyzed 
2 - « ka (aoatl 
FUed vaele aoatly 
Craanlaadlc waters 
Sine« 1M2 
(irroaularly) 
Oaca a yaar 
"Sr. » 7C. 
Ca, R 
Individual saoples 
analytad 
2 - 4 tf (aaat) 
Various arctic 
apacias 
Greenlendic waters 
Sine« 1M2 
Urreeularly) 
One« a y*ar 
»Sr. » 7 C . 
ca, K 
Individual samples 
analyzed 
M a t r k i Also bona analysis 
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Table A.1.3.«.2. pling of sea-birds and hens' eggs 
Faroes« 
sea-birds 
(RRF 62) 
Greenlandic 
sea-birds 
(RRG C2) 
Danish 
hens' eggs 
(RRD 63) 
Faroes« 
hens' eggs 
(RRF 63) 
Method Proa local 
people 
Frost local 
people 
Purchased in 
three large 
stores in 
Copenhagen 
Stapled at 
local f&rms 
near Thorshavn 
Slse 2 - 4 kg 2 - 4 kg 4 kg 2 - 4 kg 
Locality Faroes Nest Greenland 
mostly 
Copenhagen 
(produced 
countrywide) 
Faroes 
Period Since 1962 
(irregularly) 
Since 1962 
(irregularly) 
Since 1963 Sii.ce 1963 
Frequency Once a year Once a year Once a year 
(usually in 
Deceaber) 
Usually twice 
a year (simser 
and winter) 
Nuclides »°Sr. » 7 C . 
Ca, R 
»°Sr. 1 J 7C. 
Ca, R 
,0Sr. 1 3 7C. 
Ca, R 
Msr. " 7 C . 
C«, R 
Pooling Individual 
before species 
analysis analysed 
Individual 
species 
analysed 
Eggs frost each 
sampling pooled 
into one 
analysis 
Eggs frost each 
sampling pooled 
Remarks Fulmar Petrel 
Razorbill 
Puffin 
Guillemot 
Elder 
Guillemot 
Occasionally 
•99« 
Table A.1.4.2. Total diet sampling 
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Countrywide sampling 
from food stores ("Diet C") 
<RM> 61, MID 63, RRD 73) 
Local sampling of seals from 
private households (MO 62) 
and canteens (IWC 69) 
Method The individual foodstuffs 
(milk, bread, vegetables, 
fruit, meat, fish, eggs, 
beer, coffee and tea) war« 
purchased in local shops 
(in Copenhagen In super-
markets) 
Samples were collected as 
'doubles* uf individual 
aeals, or purchased in a 
centeen (Ms«) 
locality The 8 zones and Copenhagen: 
1961-1962: Fig. A.1.4.2.1. 
1963-1972: Fig. A.1.4.2.1. and 
Fig. A.1.4.2.2. 
Since 1973: Tig. A.1.4.2.3. 
Zealand 
Period Since 1961 1960 (canteen) (HO CO) 
19C2 (twice) (MlO 62) 
1964 (RRO 64) 
1965 (»mo 65) 
diet of doners 
of mother's 
milk (Table 
A.1.4.6.) 
Frequency In June and Decfvber Usually once a year (in autumn) 
but in 1962 both ir» March 
and September 
Nuclides 90Sr, l MSr), (**,,, 1 J 7C. MSr. 1 J 7C. 
Ca, sr, K Ca, Sr, R 
Pooling Samples within a zone pooled 
before (except 1963-1972) when two 
analysis sets of towns (A and B) within 
each zone are analyzed <"ftt> 63) 
Each day's ration was analysed 
Remarks The samples are jncookcd, but 
inedible parts (e.g. peel and 
bones) are removed before 
analysis 
These samples were all prepared for 
eating 
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Pig. A.1.4.2.2. "B-towns" in Denmark. Sampling locations 
for drinVlng water (Table A.1.1.4.1.), bread (table A.1.2.3.), 
veyc-ables and fruit (Tables A.1.2.5.1.) and A. 1.2.5.2.) , 
fresh dairy milk (Table A.1.3.2.), meat (Table A.1.3.4.1.) 
and total diet (Table A.1.4.2.). The "B-towns" were used 
in 1963-1972. 
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Fig. A.1.4.2.3. Sampling locations (since 1973) tor bread 
(Table A.I.2.I.), frech dairy milk (Table A.1.3.2.), and 
total diet (Table A.1.4.2.). 
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Table A.1.4.3. Sampling of human bone 
Danish human bone (RRD 61) Faroese human bone (RRF 64) 
Method Samples of columna, preferentially Various bones from Dronning Alex-
from victim«s of accidents. From andrine's Hospital in Thorshavn 
the Institutes of Forensic Medicine 
in Copenhagen and Arhus 
Size Adults : ~ 10-20 g Usually as the Danish 
Infants: a few grams 
Locality The Institute in Arhus receives Samples from the various parts of 
samples from Jutland, and the the Faroes were collected in Thorshavn 
Institute in Copenhagen fro-u the 
Islands, mostly Zealand 
Period 
Frequency 
Nuclides 
Since 1961 
Throughout the year 
(100-150 samples per year) 
90 
Sr, Ca (Sr) 
Since 1964 (irregularly) 
Running (2-3 samples per year) 
90sr, ca 
Pooling before If the samples contain more Comparable samples containing less than 
analysis than 1 g ash they are not 1 g of ash are pooled. 
pooled. Bone from infants and 
especially from newborn children 
is occasionally pooled 
Table A.1.4.4. Sampling of deciduous teeth 
Danish teeth Faroese teeth Greenlandic teeth 
(XI) (XI) (XI) 
Method Teeth are collected by teachers or school dentists from pupils in 
smaller local schools. The teetn are placed in polyethylene bottles 
marked with the birth year of the donor. At Risø, the teeth are sorted 
according to types incisors, cuspids, first and second molars. 
Size 2 - 10 g ol tooth ash (depending upon the activity level) included 
in one analysis (1 crown yields 0.19 g ash on the average) 
Locality Eighteen Danish Schools in Schools in Ang-
schools (Fig. A. Thorshavn, Tver* magssalik, Julianehib 
1.4.4.) and Klaksvik (Fig. and Godthåb (Fig. 
A.1.1.3.2.) A.l.l.3.3.) 
Period 
Frequency 
Nuclides 
1962-1975 
Throughout the year 
90Sr, C. 
Since 1962 
Throughout the year 
90Sr, C. 
Since 1962 
Throughout the year 
»°sr, c. • 
Pooling Teeth from the same area (Jutland, The Islands, Bornholm, The Faroes 
before and Greenland), birth year, type and sampling year are pooled before 
analysis analysis 
Remarks Only crowns are included* fillings and roots are removed before 
analysis. Some samples of roots have been analyzed. 
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57° N 
56°N 
55°N 
57°N 
56°N 
55°N 
l~^.A 55°N 
10°E 12°E 15°E 
Flq. A . l . 4 . 4 . Sampling locations for deciduous teeth 
from pupils (Table A . l . 4 . 4 . ) . 
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Table A . U . S . Wholcbody measurements 
Ris« control group 
(RUD 63, RUD 70) 
Faroese 
(RRF (3, 
RRF 69. 
ur 7«) 
Greenlanders 
(RRG ?4) 
Donors of 
mothers' Bilk 
(RRD 64) 
Method Approx. 20 employees 
of the Health Physics 
Department at Kit« 
were Measured in a 
whole-body counter 
equipped with a 8x4 
inch Mai crystal. The 
individual counting 
t l H was 1 hour 
A few indi- Three indivi-
vlduals ware vlduals were 
measured at Measured at 
Rls« Ris# 
Three individuals 
were measured at 
R I M 
Size Approx. 20 persons 
(~ 10 males and 
- 10 female«) 
4 males 
and 4 fe-
males in 
total 
1 male and 
2 females in 
total 
3 females 
Locality Roskilde, Zealand Faroes Nest Green-
land 
Zealand 
Period Since 1963 1963, 1969, 
1974 
1974 1964 
(Dec. 1963-
Aug. 1964) 
frequency 3 times a year 
(March, August and 
December) 
Once Once Twice 
Nuclides 1 3 7CS, K 137 CS, K 137 CS, K 137 CS, K 
Pooling Individual 
before measurement« 
analysis 
Individual 
measure-
ments 
Individual 
measurements 
Individual 
measurements 
Remarks Until 19(9, a 2x3 inch 
crystal was used 
(cf. table 
A.1.4.6.) 
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Table A.1.4.6. Sampling of human milk 
Method 
Size 
Locality 
Period 
Frequency 
Nuclides 
Pooling before 
analysis 
Remarks 
Human milk from Zealand (RRO 62, XIII) 
Samples from individual donors who collected 
surplus milk not consumed by their babies. The 
milk was sent to Rise in polyethylene bottles 
3 donors supplied milk for 3/4 year (approx. 0.5 1 
d~ per donor). 3 for 1/2 year, and 10 for a few months 
Most doners were from North Zealand 
1962-1969 (RRD 69) 
The year round, but irregularly 
,0sr. 137cs. ca. K 
Analysis of weekly or monthly samples for Cs, usual1 
90 
monthly samples for Sr 
Simultaneous sampling of donors' diet in 1962, 1964 
and 1965 (Table A.1.4.2.) Wholebody counting of 3 milk 
donors in 1964. 
A.2. Analytical procedures and measurements of radioactivity 
Radioactive contamination is assessed by measurements of the 
ionizing radiation emitted as a result of the decay of the 
radionuclides. For y-emitters, modem detector systems often 
permit a qualitative as well as a quantitative assessment, even 
of mixtures of several radionuclides, without any chemical 
operations. V;ith respect to a- and S-emitters, radiochemical 
treatment before radiation measurement is usually warranted. 
The aim of a radiochemical analysis is to separate a given 
radioelement from other interferring elements so that measure-
ment of the radionuclide to be determined becomes possible. The 
general procedure consists of a removal or reduction of the 
sample matrix followed by various separations such as pre-
cipitation, extraction or ion exchange, or combinations of 
these operations. At the beginning of a radiochemical analysis, 
carrier and "spike" are added to the sarnie. The carrier is 
either the inert form of the element being analyzed, or a 
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non-isotopic chemical congener. The purpose of the carrier is 
to ensure that the extremely small chemical amounts of the 
radionuclide being determined are carried through the chemical 
operations. Furthermore, the carrier may be used for the 
determination of the recovery from the radiochemical analysis. 
However, yield is often more conveniently determined by means 
of a "spike", which is a radioactive tracer isotopic to the 
radionuclide in question. It is a prerequisite that the radiation 
of the spike does not interfer with the measurement of the 
sample itself. This may be achieved by using, e.g., a pure 
y-emitter as spike for a pure B-emittcr, or by applying y- or 
a-emitters with energies different from those of the nuclide 
to be determined. 
A.2.1. Radiostrontium analysis 
The analytical procedures applied in this study for radio-
strontium determinations were based on the methods developed 
at Harwell (Br59, Os59) and at the USAEC Health and Safety 
Laboratory (recently renamed Environmental Measurements 
Laboratory, U.S. Department of Energi) (Harl72). The various 
procedures have been adapted as described in the Risø Reports 
(RRD59-76). The pretreatment of the various types of sample 
differs depending upon the matrix. Bone and rainwater samples 
only need minor treatment before fuming nitric acid separations 
(Fig.A.2.1.) that separate strontium from calcium and from* 
most other elements, except barium and radium, because the 
nitrates of Sr (and Ba, Ra) are hardly soluble in 75% fuming 
nitric acid. Samples such as sea water and especially soil 
need laborious pretreatment before fuming nitric acid separation 
can be carried out. Two radioisotopes may occur in a radio-
*) 90 flQ 
strontium analysis: 28-year ' Sr (0 = 0.54 MeV) and 50-day Sr 
(6 = 1.46 MeV); the nuclides are both pure 8-emitters, which 
on 
complicates simultaneous assessment. However, Sr is determined 
an 
indirectly measuring the 64-hour Y (6 = 2.3 MeV) daughter, 
90 90 
and afterwards the count from the Sr and ¥ is subtracted 
89 
from the total radiostrontium count, thus giving Sr. The yield 
85 
was assessed by the 65-day Sr spike (y • 0.514 MeV). *) 90 
The estimates of the halflife of Sr have varied throughout 
the years. The most recent estimate applied by Environmental 
Measurement Laboratory, New York is 28.82 y (Oct. 1980). 
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solid l e Kater 
Residue 
discarded 
taCr04 
discarded 
discarded 
Fi4. A.2.1. Sr-Analysis 
Ashine of sanple 
(Addition of carrier and spike) 
1 
Dissolution of the ash 
nitration 
nitrate * fiavln« HMO, 
ITS« solution) 
. 
centrlfugetioa 
\ 
SrCK>])2 • C«<>4~ *P" " 5-*» 
Acetate buffer * »a** 
j 
1 
i Centrlfnyation 
Sr ** • re *** • N*,ON 
I J . Centrifueation 
Sr ** • r*** 
Build-up of Y-90 daughter (3 weeks) 
# 
Sr** • T *** • o T 
Centrifuoatlon . 
\ 
TIOH). M2 ( O O C )2 T-IOOC), 
Counting of *°Y 
(funlnq nitric acid nethod) 
Addition of carrier 
•nd spike 
* ° " ~ *
T O
" 
supernatant _ 
liquid 
llll IIÉ1É 
1 SrCO. • HMO. 
1 J 3 
Supernatant 
liquid 
discarded 
Sr (,5Sr-spike> 
for yield 
detemlnation and 
for Sr asi?ss-
aent 
A.2.2. Plutonium analysis 
The plutonium isotopes normally assessed in environmental 
samples have been 2.44 • 10 year "*Pu (a % 5.14 MeV), 6537 
year 240Pu (a % 5.16 MeV) and 86.4 year 238Pu (o •• 5.49 MeV). 
The first two isotopes are usually assessed as one nuclide: 
239 240 
' Pu, because the a-energies are too similar for individual 
determinations. 
Two methods were applied for the determination of plutonium in 
environmental samples analysed at Ris«). The first method used 
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(IV, Aa75) was a combination of a solvent extraction method 
developed by the Risø Chemistry Department and an ion exchange 
procedure used at the Oceanographic Institution at Woods Hole. 
This method was later (IX, V) replaced by a pure ion exchange 
procedure concluded by an electrodeposition of plutonium on a 
stainless steel planchet (Ta71) (Fig.A.2.2.). Plutonium was 
retained as an anion complex on an anion exchange resin, while 
interferring nuclides were eluted. Finally, plutonium was 
+4 +3 
eluted from the resin by reduction of Pu to Pu , which 
disintegrated the complex. The yield was determined by the 
2.85-year 236Pu spike (o '- 5.76 MeV) . 
Pu •« in • N HC1 
I 
PuCij Down 1 x 2 
anion resin 
(ttln 
discarded 
I 
9 * MCI
 m 
(1 Fl ish) 
Eluat« 
discarded (Th) 
1.2 » »CI • *202 ^ V 7 - 2 " ""°3 
(3 riualt) 
Pu in «luat« 
I (2 Plush) 
Eluat.« 
discarded 
(Fa.ro.u.Ai.Os etc.) 
Pu • UjSo4 (evaporation) 
I 
Elcctrodcpoaltlon pH » 2 
1.2 tap. 
ri«. A.2.2. Pu-Analysls (after TALVITlE(Ta 71)) 
A.2.3. Assessment of radiocesium 
The 2.55-min 137Ba daughter of 30-year 137Cs emits y-radiation 
(0.662 MeV). As the mother and daughter in practice are in 
137 
equilibrium, the y-radiation is usually referred to as Cs. 
If there is a sufficiently high -"'cs concentration in a sample, 
the activity may be determined without any preconcentration. 
During tha years showing high fallout rates, most samples were 
thus measured for 137Cs as fresh or dried samples. When the 
levels decreased at the end of the sixties, it became necess-
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ary to reduce the matrix for most samples. This was accomplished 
by drying or ashing; as Cs may evaporate at higher 
temperatures (Harl72), the ashing temperature was kept at 400°C. 
For sea water, the radiocaesium was collected on an AMP 
{ammonium molybdate phosphate) precipitate (Du70), which acted 
as a cation exchange medium. The AMP was stirred in the sea 
water for one hour, and then the water was drawn off after the 
AMP had settled. This method recovered approx. 95% of the 
radiocaesium present in sea water. The recovery of Cs was 
134 determined with the 2.06-year Cs spike (Y = 0.796 MeV) . 
A.2.4. Radioactivity measurements 
The concentrations of radionuclides in environmental samples 
are in general low. Hence the detector systems used for the 
measurements of various types of radiation should have both 
high efficiency and low background. In other words, the systems 
should be fitted for low level counting. In an earlier study 
(Li63), LIPPERT described the various systems applied at Risø 
for the measurement of a-, 8- and Y-emitters in environmental 
samples. Since LIPPERT wrote his treatise in 1963, semi-
conductor detectors have been developed (L168) and these have 
increasingly been used for at- and y"spectroscopy. Table A.2.1 
summarizes the various methods used in this study for the 
measurement of ionizing radiation in environmental samples. 
Alpha and ganma emitters are assessed through spectral data 
analysis usually carried out by means of a computer using a 
least squares fit (Harl72). The background and contributions 
from other nuclides are subtracted from the counts in the 
photopeak of the radionuclide being determined. In the case of 
spectra obtained by solid state detectors, the quality of the 
spectra often permits a more simplified assessment of a radio-
nuclide. The background counts are determined on both sides of 
a photopeak and the net count in the peak is calculated by 
subtraction of the background thus estimated (Li75). If, 
however, several nuclides are present, or if the activity levels 
are low compared to the background count, the least squares 
method is preferable for spectral analysis. This method is in 
general always used for Nal(Tl) y-spectra, because of the poor 
spectral resolution of these detectors. 
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Tabl« A.2.1. Counting systems In us« at Dia« for environmental samples 
Systam »adl- Nuclide Efficiency Background 
Ho. ation cpm par pCl com 
Sample gaomatry and 
sample Material 
"»*» 0.« 0.02C 20 MS • electroplated 
stainless steel planehet 
2° 8 »°r 0.87 l.S 20 sat • filter with - 30 mg 
yttriuM oxalate. Mounted on 
nylon disk (Marl 72) 
3° 8 ,0T 0.94 0.2a 20 am 6 filter with ~ 30 mg 
yttrium oxalate. Mounted on 
thallium disk 
4° 8 *°Y 0.74 0.29 20 am • filter with " 30 mg 
yttrium oxalate. Mounted on 
thallium diak 
5° y 137Ca 0.0038 
0.0031 
0.0028 
0.00*4 
0.21 
0.27 
1.11 
0.29 
50-100 a ash in a SO am 
0 x 45 —> cylindrical can 
- 1 kg in a 1.7 1 can 
Chat geometry" b >) (dried 
•ilk) 
> 2.S kg in a 1.7 1 can 
Chat geometry" b) (soil) 
SO g AMP in 87 am 0 x 8 am 
cylindrical perspex container 
8° T 137Ca 0.01S4 0.20 12 x IS x 1 cm folded glaaa 
fiber filter (35 g) 
7° Y 137Ca 0.0087 57 70 kg "standard* man 
a) 
b) 
c) 
d) 
«2 
The Celger flow counters had a 1.8 mg cm mylar foil window. 
The cylindrical sample container fita over the detector house. 
Before the Ce(Ll) detectors became available, the ^measurements were csrrled out on 
3" x 4* MaKTl) cryatala. 
The person being measured alts in a so-called "tllted-chalr" geometry (la 64). The 
chair la placed underneath the detector in a cylindrical (2m 9 x 2 si) room ventilated 
by filtered air. Tha room ia the gun-tower of the Danish frigate "Peder Skram", which 
was scuttled by the Danish Navy on 29 August 1943t the iron in the tower is thus free 
of <°Co. 
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Number of Detector Auxiliary equipment 
detectors 
10 
5 
S 
3 
450 mm2 silicon 
diode Ortec 
40 am • Geiger flow counter* 
aade at Ris* *' 
25 mm • Geiger flow counter 
made at Rise 
25 aa Gelger flow counter 
aade at Rise 
Nuclear Data aultichannel analyzer. «4 channels 
per detector. Detector in vacuua chamber. 
Each detector shielded by 75 ca iron and 2 ca 
lead« automatic sample changers for 30 samples 
Each detector shielded by 10 cm leads automatic 
sample changers for 4 samples 
One detector shielded by 15 cm iron. Two 
det.?tors each shielded by 10 ca lead. Manually 
operated 
4 ~ 40 cm closed-end. Each detector is connected to a 1024-channel 
coaxial type, lithium- analyser (3 Hewlett Packard and 1 Nuclear Data). 
drifted Ge semiconductor The detectors are shielded by 10 cm lead . 
detectorsi made at Rise (The background count was 0.11 cpm in the Cs 
peak if there was no sample). 
1 ~ 100 cm coaxial Ge(Li) 1024-channel Canberra analyzer detector placed in 
detector Canberra wholebody shielding (18 cm iron) surrounded by 
5 cm lead 
1 8" x 4" NaHTl> scintll- 1024 TIIC channel analyzer Wholebody shielding; 
latlon crystal Harshaw 18 cm Iron • 1 cm lead • 1 mm Cd ' 
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A computer program is also used for the calculation of Sr 
90 based on the counting of the Y daughter when equilibrium has 
been attained after a buildup period of approx. 3 weeks. The 
yttrium sample is usually counted in 6 periods of 180 minutes 
for 3-4 days in an automatic sample changer. The program 
subtracts the background count and calculates the count-weighted 
mean and the relative standard deviation of the six countings 
which have been decay-corrected back to the time of separation 
of the 64-hour Y daughter from the Sr mother solution. From 
information on counter efficiency and on the recovery of 
Aft 
strontium and yttrium in the radiochemical analysis, the Sr 
concentration of the sample is calculated. 
The sensitivity of the various detector systems depends on the 
counter efficiency, including sample geometry and background. 
The sensitivity is described by the so-called lower limit of 
detection (LLD) (Pa71). The lower limit of detection may be 
expressed by a simplified formula (Harl72) as: 
LLD * 2 Ks Jl (Eq.A.2.1.) 
where s is the estimated standard error of the background count, 
and K is the value for the upper percentile of the standardized 
normal variate, corresponding to a preselected risk of falsely 
concluding that activity is present (a). 
Equation A.2.1 furthermore implies that one also accepts the 
chance of detecting activity when it is present (100 - a) % 
of the time, but of failing to detect it a% of the time. If 
a = 5%, K becomes 1.645 and LLD = 4.66 • s (Harl72). The lower 
level of detection may also be expressed by the minimum activity 
detectable in a given sample by a given procedure: 
LLP
 s
 2 K
 ^ *
 S
 -
 4
'
66
 '
 S
 (if o -5%) (Eq.A.2.2.) 
E • Y E • Y 
where E is the counter efficiency in cpm per pCi, and Y is the 
chemical recovery of the nuclide in question by means of the 
procedure applied. 
Table A.2.2 summarizes LLD values for the most common types of 
environmental samples analyzed at Risø. 
- 321 -
• at tå» ifcpnii I M I at i 
II <K 
maw *Jm an • _-» 
i an r 
rat t aaajaM i » « mm ia» I aaaa 
i < 
• -* met » » * m « a »»» • .» an a t 1 
ia>* «a aaajM «.» »• aaaaat n» « aaa* 
•-» an »t" M *n *t* 
aka • • aaajaM i m i a w 
i m n " 1 na «< 
aja•« i * » a i r tt.» i 
».« I aaaja* i a n •"* •» •» < 
i a n i * 1 iw a < 
» att a«** • ! -• a« 4 
l a r i a t * rta « aa 
t»-» • e» - * a i 
I aaaaaa at a M I l M «a*ar a » Mr-aaaaaaal a M aaaaa • • • t ».» aai *na> 
A.3. Quality of data assessment 
An inherent difficulty in an environmental study extending 
over nearly two decades fs the inevitable alteration in th* 
procedures applied. The staff who collect and analyse the 
samples change throughout the years, and so to some extent do 
the procedures for the physical and chemical treatment of the 
samples. The methods of measurement and calculation have also 
been subject to modifications. These alterations may have 
unintentionally influenced the time variation of the material 
in particular. Hence in all analytical work concerning 
environmental long-term studies it - s of special importance to 
check the precision as well as the accuracy of the data 
produced. 
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A.3.1. The precision of the data 
The precision, or the reproducibility of the determinations, 
is defined as the extent of agreement between individual values. 
Precision is thus a measure of the quality of the measurements. 
However, precision gives no information on a possible bias. It 
is thus possible to produce results of high precision but of 
low accuracy if, e.g., the standards used for the calibration 
of the counting systems are in error. 
The counting error is used to measure the quality of the 
physical measurements, and it is estimated as the Poisson 
standard deviation. If the count rate of a sample is T counts 
in n minutes, and the background is B counts in m minutes, then 
the net count rate becomes: 
n m 
and its standard deviation (Fr57): 
In the case of single determinations, it has been the practice 
to use one s as an estimate of the precision. However, this 
underestimates the overall error of a determination because it 
includes neither errors from chemical operations nor from 
sampling. A better estimate is one standard error (SE) of the 
mean obtained from double or multiple determinations. Of the 
90 
approx. 15 000 Sr determinations in our material, 15% or 
approx. 2 300 analyses were carried out as duplicates. The 
double determinations were performed in different laboratory 
rooms by different analysts. To test whether systematic changes 
in the analytical performances had occurred throughout the 
years, a set of so-called blind duplicates (harl72) was 
analyzed in 1977. Unknown to the analysts, the samples were old 
samples that had been analyzed for 90Sr earlier. From table 
A.3.1 it appears that the precision for the blind duplicates 
corresponded to that of the usual duplicates. On the average, 
the precision was approx. 9%* this came close to the mean % 
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90 Table A.3.1. The precision of Sr determinations, estimated from usual and blind duplicates. 
The precisions were given as mean % deviations, equal to the relative standard error (as 
percentage) of the mean of the duplicates . 
Sample The precision 
estimated fron 
Numbers of 
duplicates 
usual duplicates included 
(± 1SE) 
The precision Numbers of blind 
estimated from blind duplicates 
duplicates collected 
1963-1975j range 
in brackets 
Soil 
Grain 
Grass 
Potatoes 
Sea plants 
Dried milk 
Animal bone 
Neat 
Total diet 
(6.7 ± 0.B) » 
(6.9 t 0.6) « 
(10.0 t l.»)| 
(9.S ± 0.9) « 
-
(6.6 i 0.6) % 
-
-
(5.7 • 0.4) t 
100 
100 
46 
91 
-
100 . 
-
-
90 
2.9% (0.2-5.71) 
6.1t (1.6-10.6«) 
8.9« (6.1-15.0«) 
-
15.4« (8.4-31.6«) 
4.0« (1.1-7.7«) 
11.St (0.5-20.0«) 
13.8« (7.9-20.2«) 
-
4 
4 
4 
-
4 
4 
8 
4 
-
•> 
b) 
Let the two determinations in a double analysis be A and B, hence the mean 
is — 5 — and the mean « deviation from the mean is » + S x 100, which equals 
the relative SE (as percentage) » [100»((A-IA+B)»2-1)2 • (B-(A*B)•2*1)2)0*5 • 
2~0,5J • I <**»>. 2'1!"1. 
Randomly selected among all duplicates analyzed since 1959, if the number was less 
than 100, all determinations were included. 
90 
deviation of Sr quality control samples analyzed by the U.S. 
Health and Safety Laboratory (HASL) (Harl72). For blind 
duplicates of bone and vegetation analyzed in 1962-1975, HASL 
found a mean deviation of 10%. 
The sampling eiror was estimated for air filters, precipitation, 
various diet components and total diet as shown in table 
A.3.2. For air and precipitation, the estimates also included 
a possible difference in x.r.*» performance of the two sets of 
sampling systems applied. For vegetables a possible time 
variation during the sampling month was included; for wheat, 
there was a contribution from differences between winter and 
spring varieties. The estimated precision of sampling and 
analysis of 90Sr in the total diet did not differ whether the 
samples were collected in the two groups of towns (A & B) within 
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T.hi. ».i > rreclaion of sampllne estimated fro« double aempltnes. The precisions ere given 
as meen l deviations 
Sampl« 
and 
location 
Hu- Precision of 
of cI ld* sampling and 
dupll- analysla n i s t ) 
cetee IT) 
EatlMtad Estimated Sampling method* 
precision of precision of for tha dupl lce tes 
analysis 
IX) 
sammune, 
Alt at Slam 191 »0, S r 114.5 • O.f l t Tha email and tha 
large air sampler 
lM4-ltTS 
lef . takl« » . 1 . 1 . 2 . ) 
Precipitation 
at Kla» 
117.« t 1.2)% Tha Ion exchange 
columns and tha raln 
b o t t l e s at U M i n u -
i t ? ; lef. takl« » . l . l 
l . l . l . 
Meat tron 10? 
atata a ip . farms 
111«. » . 1 . 1 . 3 . 1 . ) 51 
(10.4 • 0.7)« 
Cs (10.3 • 1.2)« 
Spring and wlr.ter 
verletles. 1H2-1»71 
(cf. table A.l.2.2.) 
cabbage fros) 
• sones (fig. 
». 1.4.2.1. a 
» . 1 . 4 . 2 . 1 . ) 
sr (25 i )>• A and a towns In tha 
• sones I H ) , 1*70 
and 1*73. Icf. teble 
» . 1 . 2 . 5 . 1 . ) 
Leans of I t 
Brussels sprouts 
frosi t e s t ermine 
statlona ( f l s . 
» . 1 . 2 . 5 . ) 
vSr 112 l 2)1 The samples were c o l -
lected in the f i r s t 
and second half of 
the months In 1»«2-
1MJ l e t . table » . 1 . 
2 .5 .2 . ) 
Freeh dairy 
milk • tones 
( f l ea . » . 1 . 4 . 2 . 
1. and » . 1 . 4 . 2 . 
2.) 
Sr 17.3 • ! . * ) • 
Cs (6.1 ! 1.4)1 
» and B towns in the 
• rones in Sept. and 
Dec. 1<1) Icf. table 
A.1.1.2.) 
•eef and pork 
• sones (figs. 
A.1.4.2.1. and 
».1.4.2.2.1 
Cs (1) t l)i A and • towns in the 
i tones in Dec. I9<3 
let. table A.1.1.4.1. 
Tital diet 
0 xonee (flat. 
A.1.4.2.1. and 
A.I.4.2.2.) 
Total diet 
6 sones (fig. 
A.1.4.2.) 
"Sr ( i .J t 0 . i ) l 
'Cs (».7 i 0.7)» 
Sr H.» : 0 * ) l 
A and b towna 1M1-
1*72 (cf. table A. l . 
4 .2 . ) 
A towns only* two 
groups of shope 
1M1-1H2 
The overall precision may also be est lnatsd fros. the resldoal error in the anova Icf, 0.) 
However, the anova error Is the r e l a t i v e standard deviat ion. Hence, when eempsring the above 
estimates of precision from asmplln^ snd snalys ls with those obtslned from the anova, the 
former should be multiplied by /T . 
the zones ( f i g s . A . 1 . 4 . 2 . 1 and A . 1 . 4 . 2 . 2 ) , or whether they were 
col lected in two groups of shops in the A towns only . The 
overal l mean prec i s ion of sampling and ana lys i s was from tab les 
an 
A.3.1 and A.3.2 est imated a t 10-15% for Sr corresponding to a 
r e l a t i v e standard dev ia t ion of about 15-20%* however, i t was 
evident t ha t the e r r o r var ied with the type of sample. 
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In the case of Cs, the quality of the determinations was 
estimated by recounting samples previously counted as fresh 
samples on Nal(Tl) crystals. The recounting was performed on 
ash on Ge(Li) detectors. The mean % deviation between old and 
new determinations was 12% for 25 samples of grain, milk and 
grass counted the first time in 1963-1968 and the second time 
in 1971 and 1972. The study showed no significant difference 
between the new and the old determinations, which suggested 
that the ashing applied to the samples did not influence the 
137 
Cs content of the samples systematically (cf.A.2.3). The 
determinations of the precision of sampling and analysis of 
Cs in grain, milk and total diet in table A.3.2 suggested 
137 that the analytical precision of Cs determinations was 
generally better than the 12% obtained from the recounting; 
the analytical precision for Cs was estimated from table 
90 A.3.2 to equal that of Sr. 
A.3.2. The accuracy ol the data 
The accuracy or overall error of a measurement is defined as 
the extent of agreement between the observed and the true 
value. Strictly speaking, the accuracy can only be determined 
by measurements of standard samples of the san>^  material as 
the sample being determined. This is in general difficult 
because environmental standard samples usually have a fallout 
background, unless they were obtained prior to nuclear weapons 
testing. To reduce the influence of a possible background in 
the standard samples, these are spiked with relatively large 
amounts of radionuclides; this, however, depreciates their 
value as standards for low level analysis. Accuracy can, 
however, also be assessed by comparing the results of a large 
number of analyses obtained by several, experienced laboratories 
on so-called intercomparison samples. These samples are 
"naturally" contaminated (by fallout or releases from nuclear 
installations) ard the true concentrations of radionuclides are 
thus unknown. 
Throughout the years the International Atomic Energy Agency (IAEA) 
(Me69) in Vienna and Monaco and the Health and Safety Laboratory 
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Ttkla k . 1 . 1 . lataraaaaartaaa m m aaatyaM at k u a la U M - U 7 T . tka lift— ara U » aaai ratlaa 
• twiata (ka H M attaaalaaUaa mé tka raaaaaaaaa« valaa at tka aaaalai tba aaakai at i m l l l U tkaaa 
la krackatat a lattcata* aatka« i a ; l a , 
lMt- i l 1M2-*1 1M4-M 1M4-4T 1M»-M 1»7»-71 H7J-71 1»7«-7J »Tt>7? 
kir t l l t a t a " » r l . M l i a i a 
1>TC» • . • t l l l l l 
2 n r a l .MI«Ja 
h n w a l * * » • 1.02(1) l . l t t N t . M i u l . M l l l a l . M l l l a 1.111*1 
>ur l . M l l l a l . l l l l l • . » • l l l a l . U I I l a l . l t l t l 
l . M l l l a 
l l TC> - » .»7(1) . l . l l d l a 1.1*11: 
l . l l l l l a . W l l l « t . M l l l a 1,11111 
, J ,
» a l . a l l l l l . l t l l l a 
t . W I I I l . U I I l a 
*Sr l.»7(JI «.MIH 
l.MII) 
™ « t 
lnc 
"•*, 
" . r 1.17111 • . M M ) 
l . l l l l l 
l . t l l l ) 
1 M i l l 
varlaaa ~ » r l . tJI«) 
n fa ta t taa 1.27|l) 
r u l * 
" ' € » 
~ » t 
" ' c . 
1.211«! ».*»* 1.1)1*) 
t . M ( 2 l 
•.»1111 
l , a* rtr 
l . a t u 
laaa aataal **»r •.•2141 t.7111) l . M I I ) 
l . M f t ) t . M ( J ) 
l . l l l l l 
1.11«) 
maa* alat 
M M 
" » » . 
"•» 
" ' c 
"».r •.»11«) 
• . M l « 
• . M U ) 
l . a i i l l l 
1.MI1I 
l . M I t l * .»7IM 
H i M « B tat lo af 121 M > r latarcaaanlaaa n u a w l . l l i l . l l |1»") 
' • • • 12 l , TC» • • • l . t l ' * . l l • 
• • • * la "»» 1 * *»a • • • l . « l f * . l » • 
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(HASL) (Ha58-78) in New York have organized intercomparison 
programmes. Since 1960 Risø has participated in these programmes 
90 137 
and table A.3.3 summarizes the results of Sr, Cs and 
239 240 
' Pu interconparisons. It is evident that Risø's results 
have not shown any time trend in accuracy, nor have the results 
taken as a whole deviated significantly from the means of those 
considered by the IAEA and HASL as the "best values" in these 
intercomparisons. It is not a serious matter if the true value 
for the activity content in environmental samples shows minor 
deviations from that obtained through the intercomparisons; it 
is more important that the results from the various laboratories 
engaged in these environmental studies are unbiased in relation 
to one another. Table A.3.3 suggests that the coefficient of 
variation for Risø's results compared to the "best value" was 
131 for 9°Sr, 11% for 137Cs and 19% for 239'240Pu. HASL (Harl72) 
found a relative standard deviation of replicate analyses of 
90 
reference samples (bone, milk, vegetation) of 11% for Sr. 
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APPENDIX B 
ANALYSIS OF VARIANCE, AND THE VARIABILITY 
This appendix contains a summary of the principles for analyses 
of variance (anova) and the definitions for the statistics used 
throughout the text* for details, reference should be made to 
text-books in statistics (Ha57,Da56,So69). Furthermore, 
examples are given of anovas of the various sample categories 
and calculations of the so-called variability. 
B.l. Introduction 
Both in radioecology and in other environmental and biological 
sciences, many causal factors, uncontrollable in their variation 
and often unidentifiable, affect most phenomena. One needs 
statistics to measure such variable phenomena and to ascertain 
the validity of very small but perhaps important differences. 
During the first period of operational environmental monitoring 
at Risø, Professor A. HALD was approached for advice con-
cerning the treatment of the data relating to the measurements 
performed. Professor HALD pointed out the analysis of variance 
as a very suitable statistical tool for the evaluation of the 
significance of the observed variations of the data with time, 
location and species. Analyses of variance were consequently 
introduced at an early stage (RRD58-59) of the present study 
as the statistical method for data treatment. 
B.2. Some statistical definitions 
A sample of observations is a collection of individual 
observations selected by a specified procedure. 
- 329 -
The actual property measured by the individual observations is 
the variable and a single observation of a given variable is 
called a variate. 
A population is the totality of individual observations about 
which inferences are to be made, existing anywhere in the world, 
or at least within a definitely specified sampling area limited 
in space and time. 
Normally, interest is centered on the populations from which 
the samples have been taken. It may, e.g., be the population 
mean or the populatidn variance. These so-called population 
statistics or parameters are, however, usually unknown and 
instead the so-called sample statistics are applied. Thus the 
sample mean x estimates \i, the parametric mean of the population, 
2 2 
and a sample variance s estimates the parametric variance a . 
Such estimators should be unbiased, i.e. an infinite nurber of 
samples taken from the population should give sample statistics 
that, when averaged, will give the parametric value. 
The variance or the mean square is the sum of squared deviations 
divided by the number of terms: 
i=n
 2 
z (v - x . r 
• 2 i=l a' = i-1 (Eq.B.l) 
n 
where x is an individual observation. 
The corresponding sample variance is defined as; 
i=n _ , 
E (x - x,) 
s2 = ±=J = 5§D_ (Eq.B.2) 
n - 1 n - 1 
where n - 1 is called degrees of freedom (f). If n had been 
2 2 
applied instead of n - 1, s would underestimate a . To overcome 
this bias, the sum of squared deviations (BSD) is divided by 
n - 1. 
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The standard deviation is the square root of the variance: 
2
 (Sø.B.3) SD « rs 
and the standard error of the mean x of n individual observations 
is: 
SE = 1/5- = *H. (Eq.B.4) 
Either SD or SE are used as the error term throughout the text. 
In each case it is stated which of the two statistics is 
applied. SD was preferred if interest was focussed on the 
variation of the individual values of the population on which 
the sample mean was based, while SE was chosen if the precision 
of the mean was considered to be more important. 
The coefficient of variation is a statistic often used in the 
comparison of amounts -of variation in populations having 
different means. It may be given as a percentage, but here it 
is quoted as a decimal: 
. « i 2 CV = -i5-. (Eq.B.5) 
* / — 
(The parametric value of CV is termed n * ). 
As the coefficient of variations of radioactivity concentrations 
in environmental samples were relatively constant, the distri-
bution of the data dealt with in radioecology was usually log 
normal (Eb64) (cf. also p 804-805 in ref. XII). Before statisti-
cal treatment, such as the anova, where additivity is assumed, 
the data were consequently transformed to their natural logarithms 
(In). However, in accordance with other studies (Un58-77), the 
sample means were calculated as arithmetic means, unless anything 
else was stated. The logarithmic transformation implied that, 
for minor variances, n with approximation equalled the standard 
deviation o of the transformed data (Ai69) as: 
2 
n » (e° - 1)*. (Eq.B.6) 
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The estimator of the coe f f i c i en t of variation CV was obtained 
2 2 
by replacing o ' by s in Eq.B.6. 
The calculated values (Y ) obtained from the predict ion models 
(cf .C) Mere evaluated by a comparison with the corresponding 
observed values (Y ) , by means of the correlat ion c o e f f i c i e n t : 
o 
E Y Y - I Y Z Y /n C O C O 
r » c ° (Eq.B.7) 
Y* - <£ Y )2 /n)(Z Y* - d Y )2/n) 
c c o o Ya 
where n i s the number of data s e t s to be compared; the 
numerator in Eq.B.7 i s the covariance of Y and Y , and the 
c o 
denominator is the square root of the product of the variances 
of Y and Y . 
c o 
The correlation coefficient car range from +1 for perfect positive 
association to -1 for perfect negative association. The most 
common significance test is whether a sample correlation 
coefficient could have been derived from a population with a 
parametric correlation coefficient of zero. This null hypothesis 
was tested as a t-test with n-2 degrees of freedom: 
V5 •2. (Eq.B.8) 
B.3. Analysis of variance 
The analysis of variance is a technique for statistical analysis. 
It tests whether two or nore sample means could have been 
obtained from populations with the same parametric mean with 
respect to a given variable. Alternatively, it can be concluded 
that these means differ mo much from each other that it must 
be assumed they were sampled from different populations. 
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In an anova the variates are grouped according to separate 
kinds of treatment. If only one source of variation is dealt 
with, the analysis is a one-way anova, in the case of two 
factors a two-way anova, etc. 
As an example, a three-way anova table B.2.2.1 is considered. 
90 The variable is the natural logarithm of the Sr concentration 
90 —1 in pCi Sr (g Ca) in the four species of grain collected 
at harvest in the period 1959 to 1974 at the eleven state 
experimental farms. In this case there are three factors, or 
treatments: Years (Y), Species (S), and Locations (L). These 
treatments are each responsible for a so-called main effect. 
Because of the varying contamination levels of the atmosphere 
and the soil with time, the years will thus influence the 
annual grain levels. As a result of morphological and 
physiological characteristics, the species will determine the 
interspecific variation of the direct and indirect contamination 
of the grain, and finally the various locations will result 
in local variations of the variable because of differences in 
precipitation, soil characteristics and agricultural practice. 
The structure of variation may be described as: 
xhijk - w + y h + s i - x j + ( v s ) hi + ( v l , h j + ( s l i ^ 
+ (
*
sl,hij + ehijk (E<5'B-9) 
where x. . .. is a single variate (the k determination from the 
year h, of the grain species i, at the location j); u is the 
90 
parametric grand mean of the population (the mean Sr con-
centration of all grain grown at the eleven state experimental 
farms from 1959 to 1974; y., s., 1. are the treatment effects 
for the h'th, i'th and j'th group of treatments Y, S and L, 
respectively; (ys)ni/ ^v*'hi an<* *s^ii a r e t n e s o " c a H e ^ 
first-order interaction effects in the subgroups represented 
by the indicated combinations of the h'th group of factor Y, 
the i'th group of factor S, etc.; <ysl'hij i s t h e s e c o n d~ o r d e r 
interaction effect in the subgroup representing the h'th, i'th 
and j'th groups of factors: Y, S and L, respectively; and 
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e, . .. is the error term of the k'th item in subgroup hij . 
An interaction between two treatment factors may be exemplified 
by the interaction between years and locations (YxL). If this 
90 interaction happens to be significant, it means that the Sr 
concentrations at the various locations did not follow the 
same time pattern. In certain years, location A may thus show 
higher levels than location B, while in others the opposite 
could be the case. The reasons for such interactions could be 
numerous, and they are often illustrative of the complex 
conditions in nature. Second-order interactions are less 
transparent than first-order. A second-order interaction means 
that the first-order interactions, e.g. between years and 
locations, may vary with species. An example of a second-order 
interaction is given in table 2.2.1. in the main text. 
The principles of calculation of an anova are available in 
text-books and are not repeated here, but examples of the final 
tables of the anovas are contained in this appendix. 
The significance test of a treatment - or an interaction ef-
fect - in an anova is carried out by a comparison of the variance 
2 
estimate s of the treatment or interaction in question with 
the error variance. A "null hypothesis" is made that all effects 
in the table of the anova have a zero magnitude, so that all 
the variance estimates (s ) are independent estimates of the 
same quantity estimated by the error variance, i.e., an 
estimate of the magnitude of the experimental error. The 
2 2 
so-called v test evaluates whether the variance estimate (s ) 
based on any of the possible sources of variation is so much 
greater than the variance estimate based on the experimental 
2 
error, that the observed variance ratio (v ) is unlikely to 
have arisen by chance. 
In the case of significant interactions the anova may be split 
up; the above three-way anova may thus be split into four 
two-way anovas each representing one of the four grain species, 
or into eleven two-way anovas, one for each of the eleven 
farms, etc. The two-way anovas may further be divided up into 
one-way anovas. Such a "breakdown analysis" makes it possible 
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to test all sources of variation, but a little of the general 
view is lost. 
The probability P in the anova table is the so-called pro-
bability fractile of the distribution in question (Ha57) - here 
2 
the v distribution (also called the F-distribution, but if so 
the probability is usually termed p; p = ».. ). Throughout 
this work, the following terminology is used: 
P 21 95%, (p <_ 0.05) : probably significant difference: * 
P _> 99%, (p <_ 0.01) : significant difference: ** 
P _> 99,9% (p _< 0.001) : highly significant difference: **• 
A significance level p is the probability of the result having 
arisen entirely by chance, the treatments having had nothing 
to do with it; e.g., p <_ 0.01 (P >_ 99%) implies that the observed 
difference in one per cent (or less) of the cases may have 
been accidertal. 
In the significance tests of the anovas the "null hypothesis" 
was rejected, i.e. an effect was considered to be significant 
only if P ^  99%. An attempt is thus made to minimize the 
so-called type I error, which implies a rejection of a true 
null hypothesis, but this involves the risk of accepting a 
false null hypothesis, i.e. a type II error. However, in the 
present context it was considered more important to avoid type 
I errors, because one purpose of the study was to demonstrate 
essential differences in the radioactive contamination of the 
environment. 
In an environmental study, as well as in many biological 
experimental studies, it is inevitable that some data will be 
missing, in such cases the anova becomes more complicated to 
perform. However, electronic data processing has made anovas 
feasible even when a relatively large number of data are lacking. 
The general principle has been described by DAVTES (Da56). 
Missing values are calculated by a least squares method in 
order to minimize the influence of the estimated figures on the 
residual eiror in the anova. VESTERGÅRD (Ve64) developed a 
computer program VAR-3 that in principle calculates the missing 
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figures as described by BA.VIES, but V.AR-3 does More because 
it can alsc produce a Modification of the existing figures in 
such a way that the interactions are eliminated. The program, 
which has been adapted to the STATDATA program (Li75), thus 
produces a table showing the sane tendencies regarding each 
«ain effect. Therefore the ratios between the levels found in 
two given years are the same for all locations and species, 
and the ratios between two species are the sane for all years 
and locations, etc. These artificial nussbers can be used for 
different purposes. If the interactions are insignificant, or 
not considered pertinent, the VAR-3 table may be used for depict-
ing the main effects relative to the grand Mean in column 
diagrams as shown throughout the text; the relative values in 
these column diagrams were calculated as arithmetic means. The 
modified data obtained by VAR-3 were used in a few prediction 
models (cf.tables C.3.6.2 and C.4.4.1), where some periods 
were less represented by certain samples than others. In these J 
cases the VAR-3 data were preferred to the raw data because the j 
VAR-3 recalculation minimized the shortcomings of the original 
data. ' 
B.4. Variability 
If the suns of deviations from all n sources in an anova (cf. 
e.g. table B.2.2.1.) are summed up and divided by the sum of 
the degrees of freedom (f ), the total variance in the entire 
sample due tc all causes is obtained: 
i*n 
t SSD.,1 
2 i«l l ' 
s* « — . (Eq.B.10) 
£t 
2 2 
s is denoted the total variance around the grand mean; sfc may 
be used for a calculation of the total coefficient of variation 
around the grand mean, hence in an anova, where the data are 
transformed to their natural logarithms: 
s2 k CVt - (« t - 1)'. (Eq.B.ll) 
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EBERHARDT (Eb64) used the coefficient of variation as a measure 
of the variability of Sr and Cs in environmental samples. 
Instead of CV. it may, however, be more rewarding to consider 
the coefficient of variation around the grand mean from a 
single source. In the present study such a partial coefficient 
of variation CV is designated the variability of the effect 
P 
in question: 
2
 SSD(i) 
S2p{i) = (Eq.B.12) 
t 
2 
where sD t i \ is the partial variance from source (i) and 
2 
CV ... = (e p f l ) - 1)*. (Eq.B.13) 
p(i) 
The radioecological variability depended upon four variables: 
radionuclide, time, sample species and location. A comparison 
of, e.g., the time variability among radionuclides assumed 
sample species, area and period identical for the various 
nuclides. However, minor differences did not necessarily 
invalidate the comparison, e.g. whether samples came from 
1963-1974, 1962-1974 or 1962-1973 did not influence the 
variabilities significantly. A significance test between two 
variabilities was performed on the partial variances as a 
2 
v -test (cf.B.3). 
The advantage of the partial variance as compared to the common 
variance in the anova table is its relative insensitivity to 
the number of data in the anova. An example may elucidate this. 
Let us suppose we have two anovas of identical data materials, 
one with single determinations only and the other one with 
identical double determinations (error variance = 0). In this 
case the variance of a main effect would be twice as high in 
the second anova as in the first, while the partial variances 
in the two anovas would be the same. 
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B.5. Anova and variability tables 
The tables in the following are numbered B followed by three 
digits. The two first digits denote, respectively, chapter and 
section in the main text, and the last is a serial number. 
The anova tables shown are a selection of the more than one 
thousand anovas performed on the data. Special emphasis has 
been attached to the cases of significant interactions, which, 
as mentioned above, create problems in the significance tests. 
The tables with variabilities display the partial coefficients 
2 
of variations (CV ). The partial variance (s ) may be obtained 
from: 
s2 = In (CV2 + 1) (Eq.B.14) 
P P 
90 — 3 
Table B . 1 . 2 . 1 . Anova of In (fCi Sr m ) for ground l e v e l a i r 
c o l l e c t e d In 1957-1975 a t Risø (uf. Table A.1 .1 .2) 
Nature of e f f e c t Source SSD f s v S ign i f i cance 
Year <Y) 393.215 18 21.845 307.7 (••*) 
Main factors
 M o n t h (M) 99.473 u 9.043 1?7.4 (•••) 
In terac t ion Y«M 50.979 183 0.279 3.92 • •* 
Repl icat ion Error 9.585 135 0.071 
Although the in terac t ion between years and months was highly s i g n i f i c a n t , 
the main factors were a l s o highly s i g n i f i c a n t . 
Table B . l . 2 . 2 . Anova of In (fCi 1 3 7 Cs m~3) for ground l e v e l a i r 
c o l l e c t e d in 1957-1975 a t Risø 
2 1 
Nature of e f f e c t Source SSD f s v S ign i f i cance 
Year (Y) 317.009 18 17.612 146.77 (•••) 
Main factors w>nVn
 (M) g 2 .173 11 7.470 62.25 (••») 
In terac t ion Y*M 42.025 188 0.224 1.87 * 
Repl icat ion Error 2.873 24 0.120 
The main fac tors were both highly s i g n i f i c a n t , although the in terac t ion was 
probably s i g n i f i c a n t . 
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Table B . l . 2 . 3 . The v a r i a b i l i t y of Sr and Cs in ground l e v e l a i r 
Sample ?n* Period Nuclide un i t ffc C V p ( y M r s ) C V p ( B | o n t h s ) 
Air*' 
Airc» 
Aire> 
Airb» 
Airb ' 
Airb» 
Air d ' 
Aird» 
Aird ' 
Ris« 
— ** — 
-
-
_ 
-
-
" -
- -
H
 — 
*» _ 
" — 
1957-75 
1962-75 
1962-72 
1962-74 
1962-76 
1962-72 
1962-74 
1962-76 
fCi 
fCi 
fCi 
fCi 
fCi 
»°Sr »~3 
137Cs ^-3 
»°Sr and 1 3 7 Cs m"3 
9 0 S r m"3 
- » -
— •• —. 
1 3 7 C , m"3 
— * — 
— " — 
347 
241 
484 
266 
333 
405 
192 
216 
240 
1.45 
1.65 
1.72 
1.48 
1.59 
1.81 
1.51 
1.72 
1.88 
0.58 
0.64 
0.61 
0.63 
0.61 
0.60 
0.62 
0.63 
0.62 
a) These a ir samples cons i s ted of paper f i l t e r s front the s n a i l air-sampler and 
g l a s s - f i b r e f i l t e r s from the large one (Table A . l . 1 . 2 ) . 
b) The samples were i d e n t i c a l t o a) , but s ince 1971 2 separate g l a s s - f i b r e 
f i l t e r s were analyzed ea?h month. 
c) Double samples in 1966-1967. 
d) Double samples in 1966-1971. 
e) Double 9 0 Sr determinations in 1964-1975 (except 1965) and double 1 3 7 Cs 
determinations in 1966-1967. 
Table B. 1 . 3 . 1 . Anova of In (pCi 9 o S r l - 1 ) p r e c i p i t a t i o n c o l l e c t e d in 1962-1974 
at Danish s t a t e experimental farms (cf. Table A . 1 . 1 . 3 . 1 ) 
2 "* 
Nature of e f f e c t Source SSD f s v" S ign i f i cance 
Main fac tors 
Year (Y) 
Month*' (M) 
Location (L) 
Y»M 
Y*L 
M»L 
1129.456 
233.780 
6.176 
65.258 
13.775 
3.341 
12 
5 
9 
59 
108 
45 
94.121 
46.756 
0.686 
1.106 
0.128 
0.074 
1448.02 
719.32 
10.55 
17.02 
1.97 
1.14 
(•*•) 
(•*•) 
(•) 
• *• 
• •* Firs t -order in teract ions 
Second-order in terac t ion Y«M«L 33.616 519 0.065 
Anovas of the individual years showed that the v a r i a t i o n s among months were h ighly s i g n i f -
i c a n t . The l oca l var iat ion was only s i g n i f i c a n t in 1968-1971 when the s t a t i o n s on Funen and 
Lol land-Fals ter showed lower concentrations than Bornholm and Jut land. The v a r i a t i o n among 
years was highly s i g n i f i c a n t , desp i te the s i g n i f i c a n t in terac t ion between years and months 
and between years and l o c a t i o n s . 
As there were no r e p l i c a t e s , the second-order i n t e r a c t i o n was used a« error . 
a) Bimonthly samples. 
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Table B.1.3.2. Anova of In (mCi 9 0Sr km-2 (2 months) ) based on precipitation samples 
collected in 1962-1074 at Danish state experimental farms 
Nature of effect Source SSD S i g n i f i c a n c e 
Main fac tors 
F i r s t -order i n t e r a c t i o n s 
Second-order i n t e r a c t i o n Y*M»L 
Year (Y) 
Month*' 
Location 
Y»M 
Y»L 
M*L 
(M) 
<L> 
1052.744 
208.394 
18.674 
101.992 
13.155 
5.298 
36.799 
12 
i/i 
9 
59 
108 
45 
520 
87.729 
41.679 
2.075 
1.729 
0.122 
0.118 
0.071 
1235.62 
587.03 
29.23 
24.35 
1.72 
1.66 
(...) 
(**.) 
(...) 
... 
... 
.. 
In contras t to pCi 1~ . depos i t ion showed a highly s i g n i f i c a n t l o c a l v a r i a t i o n w i t h i n 
the ind iv idual years and so did the var ia t ion among months. The v a r i a t i o n among years 
was h ighly s i g n i f i c a n t . 
a) Bimonthly samples. 
Table B . l . 3 . 3 . Anova of In (mCi °Sr km y - 1 ) based on samples c o l l e c t e d 
in 1960-1974 at Danish s t a t e experimental farms and Risø , and at 
2 Faroese and 5 Greenlandic s t a t i o n s (cf . Tables A . 1 . 1 . 3 . 1 and A . 1 . 1 . 3 . 2 ) 
Nature of e f f e c t Source SSD f s< S i g n i f i c a n c e 
Main factors 
Year (Y) 316.834 14 22.631 404.12 • • * 
Location (L) 55.278 18 3.071 54.84 • • • 
Interact ion 
Repl icat ion a) 
Y«L 
Error 
14.896 196 0.076 1.36 
0.555 10 0.056 
a) The two sampling systems at Risø: r a i n - b o t t l e s and ion-exchange columns 
were used for the error e s t i m a t e . 
90 Table B . 1 . 3 . 4 . The v a r i a b i l i t y "f Sr in p r e c i p i t a t i o n samples 
Area Period Nuclide unit c) CV p(years) CV p(months) CV p(locations) 
Denmark 
Faroes 
Greenland 
Denmark 
Faroes 
Green)and 
R1S4 
_ m
 m 
1962-74 
1963-74 
1963-74 
1962-74 
_ PJ
 — 
«•
 n
 — 
1962-72 
. H _ 
mCi 
mCi 
mCi 
oCi 
-
-
mCi 
pCi 
90Sr km"2 bi.'1 
90Sr km"2 mo.'1 
90Sr km"2 qa."1 
90sr l"1 
•J
 — 
If . 
90Sr km"2 mo."1 
90Sr l"1 
758 
277 
177 
757 
290 
180 
295 
294 
1.73 
1.68 
1.70 
1.68 
1.78 
1.75 
1.36 
1.29 
0.56a) 
0.19 
0.26b) 
0.60a) 
0.38 
0.35b) 
0.68 
0.63 
0.16 
0.32 
0.73 
0.09 
0.01 
0.23 
-
-
a) Bimonthly samples (Table A.1.1.3.1). 
b) Quarterly samples (Table A.1.1.3.2). 
c) mo.: month, bi.; 2 months, qa.: 3 months 
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Table B . I . 4 . J . The v a r i a b i l i t y of 
and A . l . 1 . 4 . 2 ) 
90, Sr in saaples f r e s hw a ter {cf. Tables A. 1 . 1 . 4 . 1 
Sample Area Period Nucl ide uni t f„ CV. p(years) CV p ( m o n t h s ) 
-
0 . 1 2 b ) 
0 . 0 9 b l 
-
0 .12 C > 
-
p( l o c a t i o n s ) 
0 . 4 9 
0 . 4 ) 
0 . « ) 
0 . 7 9 
0 . 2 7 
1 . 1 4 
Ground w a t e r * 
Stream w a t e r 
Lake w a t e r 
Dr ink ing w a t e r 
_ - _ 
Denmark 
- • -
. - _ 
_ - -
F a r o e s 
Green land 
1 9 6 1 - 7 4 
1 9 7 1 - 7 5 
1 9 7 1 - 7 4 
1 9 6 5 - 7 1 
1 9 6 2 - 7 4 
1 9 6 2 - 7 4 
fCi , 0 S r T 1 
pCi » ° S r T 1 
pCi , 0 S r l " 1 
f C i * u S r l _ 1 
PCi »°Cr I " 1 
PCi , 0 S r I " 1 
105 
37 
36 
103 
252 
170 
0 . 5 7 
-
-
0 . 6 5 
0 . 5 5 
0 . 6 1 
a) All locat ions (cf . A) except Feldbak. 
b) The samples were c o l l e c t e d in March 1971, September 1971, March 1973, March 1975 and 
September 1975. 
c) The samples were c o l l e c t e d every second month: January, March, e t c . 
Table B . 1 . 5 . 1 . The v a r i a b i l i t y of 9 0 S r and 1 3 7 Cs in scawater samples (cf . Table A .1 .1 .5 ) 
Sample Salinity Area Period Nuclide unit CV. p (years) CV. p( locat ions) 
"Bal t i c water" 
"North Sea water" 
A t l a n t i c surface 
water 
Surface water 
"Bal t ic water" 
"North Sea water" 
33°/oo 
34%>o 
29°/oo 
> 33 /oo 
Inner Danish waters 1961-74 pCi 
Inner Danish waters . 
90 Sr 1 
North Sea 1963-74 
North A t l a n t i c Ocean 1962-74 
Greenland waters 1962-74 
Inner Danish waters 1972-74 pCi 1 3 7 Cs .-1 
Inner Danish waters. 
North Sea 
71 
44 
44 
67 
28 
0 . 2 6 
0 . 1 8 
0 . 4 8 
0 . 4 6 
0 . 0 2 
0 . 0 5 
0 . 1 0 
0 . 0 4 
0 . 0 « 
0 . 0 5 
38 0.20 0.07 
Table B . 1 . 6 . 1 . The v a r i a b i l i t y of Sr in Danish s o i l (cf . Table A . 1 . 1 . 6 . 1 ) 
Sample Area Period Nuclide unit CV. p (years) CV. p(locations) 
0-20 cm layer 
Total depth*' 
0-30 cm 
Denmark 
Jut landb) 
Islands c) 
1 9 6 2 - 7 1 a ) 
1 9 6 2 - 7 4 
1971 
_ n _ 
90 
mCi " S r km 
— " • 
• * • 
• *• . 
•2 206 
128 f» 
20 
26 
0 , 1 8 
0 . 2 0 
-
-
0 . 1 3 
0 . 1 3 
0 .19 1 
0 . 4 3 ' 
a) Except 1970, March 1963 wi»s used as 1962 (Fig. 1.6.1) 
b) Tylstrup, Studsgård, Jyndevad (sandy soils). 
c) Blangstedgird, Tystofte, Virumgård, Åkirkeby (loamy soils). 
d) Variability among depthst 0-10, 10-20 and 20-30 cm. 
e) 1962-1969) 0-20 an, 1970-1973, 0-30 cm, 1974-1975> 0-50 cm. 
f) The anova was performed on the mean values only. 
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Table » . 2 . 2 . i . Anova of In !pCi *°$r <g Ca)"1) in cereal grain collected in 1959-1974 
at the Danish state experimental farms (cf. Table ».1.2.2) 
Nature of effect Source SSO Significance 
Main factors 
First-order interactions 
Year (Y) 
Species (S) 
Location (L) 
r»s 
Y « L 
S«L 
65.560 
77. 2M 
51.720 
17.010 
49.S4S 
7.950 
IS 
3 
10 
45 
13S 
30 
37.704 
25.762 
15.872 
0.37« 
0.3*7 
0.265 
942.60 
644.05 
396.80 
9.45 
9.10 
6.63 
(•••) 
(•••) 
{ • • • ) 
(•••) 
{ • • • ) 
(...) 
Second-order interaction Y»S»L 
Replication Error 
36.66« 356 0.103 2.5S 
22.520 563 0.040 
As the second-order interaction was highly significant, the test of first-order interac-
tions and n«ln factors had to be performed in two-way and one-way anovas. This breakdown 
analysis , however, showed that both first-order interactions as well as main factors were 
significant in most cases. 
Table B.2.2.2. Anova of In (pci , 0 Sr kg -1) in cereal grain collected in 1959-1974 
at the Danish state experimental farms 
Nature of effect Source 
Year (Y) 
Species (S) 
Location (L) 
Y»S 
Y»L 
S*L 
SSD 
627.225 
3.225 
136.420 
26.620 
55.620 
6.120 
f 
IS 
3 
10 
45 
135 
30 
s ' 
41.615 
1.075 
13.642 
0.636 
0.412 
0.204 
v" 
1306.72 
33.59 
426.31 
19.(8 
12.88 
6.38 
Significance 
<•••> 
{ • • • ) 
( • • • ) 
(•••> 
(•••) 
Main factors 
First-order interactions 
Second-order interaction Y«S»L 
Replication Error 
39.0SO 355 0.110 
18.274 S64 0.032 
3.44 
Cf. the remarks to Table B.2.2.1* however, regarding the variation among species, 1965 
did not show any significant difference because in that year the preferential direct 
contamination of rye was just outbalanced by the preferential indirect contamination 
o. wheat and oats. 
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Table B.2.2.3. Anova of In (pCi 137Cs tg K) ) in cereal grain collected in 1962-1974 
at the Danish state experimental farms 
Nature of effect Source SSD Significance 
Main factors 
First-order interactions 
Second-order interaction 
Replication 
Year (Y) 
Species 
Location 
Y»S 
Y»L 
S«L 
Y»S«L 
Error 
(S> 
(L) 
950.880 
18.300 
21.020 
4.716 
17.538 
3.390 
25.844 
5.872 
12 
3 
10 
36 
111 
30 
284 
111 
79.240 
6.100 
2.1C2 
0.131 
0.158 
0.113 
0.091 
0.053 
1495.09 
115.09 
39.66 
• 
2.47 
2.98 
2.13 
1.72 
(•••) 
(...) 
(...) 
• •« 
Break-down analys i s showed that the f i r s t - o r d e r in terac t ions were not s i g n i f i c a n t , while 
the main factors were a l l h ighly s i g n i f i c a n t . 
Table B . 2 . 2 . 4 . Anova of In (pCi 1 3 7Cs kg - 1 ) in cereal grain c o l l e c t e d in 1962-1974 
at the Danish s t a t e experimental farms 
Nature of e f f e c t Source SSD Significance 
Main factors 
First-order interactions 
Second-order interaction 
Replication 
Year (Y) 
Species 
Location 
YxS 
Y«l 
S*L 
Y»S»L 
Error 
(S) 
(I.) 
849.264 
22.140 
21.250 
4.320 
16.650 
4.350 
26.790 
6.336 
12 
3 
10 
36 
111 
30 
285 
110 
70.772 
7.380 
2.125 
0.120 
0.150 
0.145 
0.094 
C.058 
1228.73 
128.13 
36.89 
2.08 
2.60 
2.52 
1.63 
(•••) 
(...) 
(•••) 
... 
Cf. remarks to Table B.2.2.3. 
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Tabl* B.2.2.5. Anova of In (pCi 5*Nn kg -1) cereal grain col lected in 19«;-19«5 
at the Danish state experimental farms 
Nature of effect Source SSD Significance 
Main fac tors 
F i r s t -order i n t e r a c t i o n s 
Second-order i n t e r a c t i o n 
Repl icat ion 
Tear (Y) 
Species 
Location 
Y»S 
Y»L 
S»L 
Y»S»L 
Error 
(S) 
(L) 
25«.100 
l . ««0 
• .»50 
1.075 
2.594 
3 . 0 0 ' 
( .010 
2.0*9 
2 
3 
9 
6 
1« 
27 
44 
21 
129.050 
0.553 
0.994 
0.179 
0.144 
0.114 
0.137 
0.137 
941.97 
4.04 
7.25 
1.31 
1.05 
0 .13 
1.00 
••• 
• • 
•«• 
Table B.2.2.*. Anova of In (mg Sr (9 Ca)"1) in cereal grain collected in 19*2-1971 
at the Danish state experimental farms 
Nature of effect Source SSD Significance 
Main fac tors 
F ir s t -order i n t e r a c t i o n s 
Year (Y) 
Spec ies (S) 
Location (L) 
Y"S 
Y"L 
S'L 
1.3C0 
3S.831 
15.771 
3.ISC 
5.70« 
3.930 
9 
3 
10 
27 
77 
30 
0.151 
12.944 
1.577 
0.117 
0 .074 
0 .131 
2 .32 
191.53 
24.19 
l . » 0 
1.14 
2 .01 
(•••) 
(•••) 
• 
•• 
Second-order interaction Y»S*L 
Replication Error 
11.492 170 0.0«» 1.04 
4.955 76 0.0*5 
Two-way anovas of th* Individual years and species showed highly s ignif icant variations 
among species and among locations. 
The samples from 1962-1971 war* a l l r*-analys*d in 1972. The anova was performed on th« 
results from this re-analysis. 
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l a b i a a . 2 . 2 . 7 . The v a r i a b i l i t y o f * ° S r c o n c e n t r a t i o n s i n D a n i s h c e r e a l » r a i n ( c f . T a b l e A . 1 . 2 . 2 ) 
!»le P e r i o d N u c l i d e u n i t cv. p ( y e a r s ) CV, p ( s p e c i e s ) CV. a l l o c a t i o n s ) 
A l l s p e c i e s Denmark*' 1 9 5 9 - 7 4 pTi , 0 S r k « " 1 
Rye 
B a r l e y 
Wheat 
Oats 
Rye 
Marley 
Wheat 
Oats 
Rye 
B a r l e y 
Wheat 
O a t s 
•» • • 
_ m _ 
J u t l a n d * ' 
- • -
islands0 ' 
- • -
Denmark*' 
_ m _ 
_ - _ 
_ - _ 
J u t l a n d 6 ' 
• ** — 
_ - _ 
Islands0' 
- - -
•» • — 
* <•» 
1 9 * 2 - « « 
1 9 * 7 - 7 1 
1 9 * 2 - « * 
1 9 * 7 - 7 2 
1 9 * 2 - « « 
1 9 * 7 - 7 2 
1 9 5 9 - 7 3 
* •* — 
_ . _ 
_ » _ 
- - -
_ - _ 
_ « _ 
- ' 
- • 
- • 
- " 
- " 
- ' 
9 0 
pCi J 
- • 
- • 
-
' -
-
' -
• -
>r 
 -
• -
' -
, - 1 
1157 
4 2 1 
3 ( 9 
1 5 i 
ia< 
m 
2 3 5 
2 3 2 
2*4 
JC1 
255 
I I S 
102 
110 
100 
so 
124 
193 
119 
o.as 
o.ca 
0 . 2 4 
0 .C9 
0 . 2 1 
o.«a 
0 . 2 1 
1 . 0 1 
o . u 
0 . 7 0 
0 . 7 2 
1 .02 
0 . 9 « 
0 . 5 1 
0 . 7 3 
0 . 9 9 
0 . 0 4 
0 . 7 9 
0 . 7 2 
O.OS 
0 . 0 9 
0 . 1 1 
0 . 1 2 
0 . 1 * 
0 . 2 4 
0 . 1 1 
-
-
-
-
-
-
-
-
-
-
-
-
0 . 3 S 
0 . 2 9 
0 . 4 2 
0 . 0 9 
0 . 1 9 
0 . 0 7 
0 . 1 4 
0 . 2 « 
0 . 4 3 
0 . 4 0 
0 . 4 2 
0 . 1 0 
0 . 2 0 
0 . 2 1 
0 . 1 9 
0 . 1 2 
0 . 1 3 
0 . 1 9 
0 . 1 « 
a ) The e l e v e n s t a t e e x p e r i m e n t a l f a n s . 
b ) The f a n s i n J u t l a n d e x c e p t Ødum. 
c ) The f a r n e on t h e I s l a n d s e x c e p t V i r u a g a r d . 
T a b l e B . 2 . 2 . 8 . The v a r i a b i l i t y o f Cs c o n c e n t r a t i o n s i n Danish c e r e a t g r a i n 
( c f . T a b l e A . 1 . 2 . 2 ) 
Sample Area P e r i o d N u c l i d e u n i t CV p ( y e a r s ) CV, p ( s p e c i e s ) CV p ( l o c a t i o n s ) 
A l l s p e c i e s Denmark a) 
Rye 
B a r l e y 
Wheat 
Oats 
Rye 
B a r l e y 
Wheat 
O a t s 
Rye 
B a r U y 
Wheae 
Oats 
J u t l a n i d 6 1 
I s l a n d s 
Denmark 
c) 
Jut land 1 * ' 
I s l a n d s c) 
1 9 ( 2 - 7 4 
1 9 * 2 - 6 * 
1 9 * 7 - 7 1 
1 9 * 2 - * * 
19*7-72 
19*2 -6« 
1 9 * 7 - 7 2 
1 9 * 2 - 7 2 
pCi 1 3 7 , 597 
223 
243 
• 2 
110 
9* 
1*4 
loe 
123 
1*9 
113 
S3 
45 
SO 
42 
35 
sa 
90 
S3 
1 . 7 7 
0 . 9 5 
0 . 3 S 
1 . 0 5 
0 . 4 4 
0 . 9 4 
0 . 4 5 
1 . 5 a 
1 .44 
1 . 4 4 
1 . 5 2 
1 .77 
2 . 0 « 
1 . 4 5 
1 . 5 4 
1 . 4 9 
1 . 6 4 
1 . 4 5 
1 . 4 7 
0 . 1 « 
0 . 2 1 
0 . 2 1 
0 . 2 3 
0 . 2 3 
0 . 2 1 
0 . 1 « 
-
-
-
-
-
-
-
-
-
-
-
-
0 . 1 9 
0 . 2 0 
0 . 1 9 
0 . 1 « 
0 . 1 5 
0 . 0 5 
0 . 1 1 
0 . 2 1 
o.ia 
0 . 2 2 
0 . 2 5 
o.ia 
r.i3 
0 . 1 5 
o.ia 
0 . 0 5 
0 . 0 9 
0 . 0 5 
0 . 2 2 
a) The e l e v e n s t a t e e x p e r i m e n t a l f a n « . 
b) The farms i n J u t l a n d e x c e p t Ødum. 
c ) The farms on t h e i s l a n d s e x c e p t v i r u n g i r d . 
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Tabl« U.i.Z.i. Tn« variæiiity of various radionuclides 
Danish cereal «r*in 
and stabl« «1 >t* i* all *p*cl*s 
Ar«* Period Muclide unit CV p(years) o(species) cv P(locations) 
Denmark 
- " -
- " -
- - -
- * -
1 9 « 3 - « 5 
1 M 3 and I M S 
19«2 and 1 M 3 
1**2-71 
19C2-72 
1 9 * 2 - 7 3 
PCi " « * k e " 1 
PCi J J » ' " ° P u k e " 1 
pCi *"$r k e - 1 
• a S r (« c * ) " 1 
« Ca k e " 1 
« « k e - 1 
130 
9 1 
110 
« 0 2 
M l 
*»o 
"* 
-
0 . 0 « 
4 . 0 « 
0 . 0 9 
0 . 1 1 
0 . 7 3 
0 . 0 9 
0 . 3 2 
0 . 2 « 
0 . 0 7 
0 . 2 « 
r . 2 i 
0 . 2 9 * ' 
0 . 2 0 
0 . 0 « 
0 . 0 3 
a) The local variability was enhanced due to a contribution fro* tine variability because the 
date of harves tin« differed at the various locations. This influences the levels found of 
s« 
a short-lived nuclide such a* Sr. 
Table ».2.3.1. The variability of radionuclide concentrations in bread (cf. Table A.1.2.3) 
Area Period Nuclide unit CV p (years) CV. P (species I CV. p(locations) 
By« bread 
Mute bread 
Jty« and whit« bread 
Denmark 
Faroes 
19«2-7« 
19*3-74 
19*2-74 
19*3-74 
19«3-«S 
19««-72 
19««-72 
pCi *°Sr km-1 
pci 1 , 7 c k,-1 
pCi ,0Sr ke" 1 
-1 PCi " 7Cs k, 
pCi **H» ka-1 
pel ,0Sr k«~X 
PCi 137 Cs k« 
33« 
1C9 
297 
173 
72 
41 
32 
1.03 
1.93 
0.7« 
2.12 
o.ao 
0.70 
2.00 
0.94 
0.«7 
0.41 
0.13 
0.12 
0.04 
0.0« 
0.1« 
a) Samples vare measured each June and Dae—her. 
Table ».2.4.1. The variability of *°$r and i37Cs in eras« (cf. Table A.1.2.4) 
Area Period Nuclide unit f t ^ ( y e a r s ) ^(months) CVp( locations) 
Denmark" 
W.Green land* ' 
F a r o e * 
Denmark*' 
w . G r e e n l a n d * ' 
F a r o e s 
1 9 * 2 - 7 0 
1 9 « 2 - * 7 
1 9 « 2 - 7 5 
1 9 * 4 - 7 0 
1 9 « 4 - « 7 
1 9 ( 4 - 7 2 
pCi 
pCi 
'°Sr (a Ca>_1 
• « -
"
7 c i (- w"1 
_ * — 
«•
 m
 -» 
11« 
43 
31 
54 
22 
19 
1 . 0 0 
0 , 3 « 
0 . 0 5 
1 . 1 1 
0 . 3 2 
>>.«4 
-
0 . 3 4 
0 . 0 « 
0 . 2 3 
0 . 1 5 
0 . 2 2 
0 . 5 3 
0 . 3 5 
0 . 3 2 
— 
a) Th« state experimental farms. 
b) Jullanehib, Godthåb, Sukkertoppen, Holstelnsbore and Egedesminde. 
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Tab!« » . 2 . 5 . 1 . Anova of In (pCi , 0 S r k g - 1 ) fresh weight in Danish 
whit« cabbage c o l l e c t e d in 19*2-1974 in the • sones (cf . Table A . 1 . 2 . 5 . 1 ) 
Mature of e f f e c t Source SSD f s 2 v 2 S i g n i f i c a n c e 
Tear (»1 4.795 11 0.43* 3 .41 * • • 
Main f a c t o r * Location (L) 4.0S4 7 0.57* 4.40 • • • 
Interact ion ¥»L 11.35* 70 0.1C2 1.34 
• • p l i c a t i o n Error 6.513 54 0.121 
Table » . 2 . 5 . 2 . Anova of l r tpCi Sr kg - 1 ) fresh weight i n Danish pota toes 
c o l l e c t e d in 1942-1974 a t the ten Danish s t a t e experimental farms 
(cf. T4>le A . 1 . 2 . 5 . 1 ) 
Mature of e f f e c t Source - SSD f s v S i g n i f i c a n c e 
Tear (Y) 4.479 12 0.407 11.63 (•••) 
Main fac tors Location (W 5.7«7 10 0.577 14.49 (••• ) 
Interact ion T*I. 17 .M4 105 0.170 4.79 • • • 
Repl icat ion Error 3.01« »5 0.035 
The Interact ion between years and locat ions was highly s i g n i f i c a n t , but the 
general trend of the main factors was ev ident , the maximal occurred in 
1943-1964 and the lowest l e v e l s were found in 1962 and in 1974, although a 
few farms deviated from t h i s pat tern . Studsglrd, Askov and Jyndevad g e n e r a l -
ly showed the highest l e v e l s , although deviat ions occurred In c e r t a i n y e a r s . 
- 347 -
Table B . 2 . 5 . 3 . The v a r i a b i l i t y of Sr , s t a b l e Sr and 1 3 7 Cs in v e g e t a b l e s and f r u i t s 
Sample Area Period Nuclide unit CV p(years ) CV CV p( spec ie s ) p ( l o c a t i o n s ) 
Cabbage 
Carrots 
Potatoes 
Cabbage 
Carrots 
Potatoes 
Apples 
Denmark 1962-74 pCi 9 0 S r k g - 1 142 
- " - 1963-74 - " - 109 
- " - 1962-74 - " - 212 
- " - 1963-74 pCi 1 3 7CS kg"1 11 
- " - 1963-74 - " - 11 
- - - 1963-74 - " - 11 
- - - 1962-74 pCi 9 0 S r k g - 1 93 
- - - 1963-74 pCi i 3 7 C s k g - 1 11 
0 .18 
0.23 
0 .15 
0 . 9 9 e 
1.58 e 
1.13« 
0.97 
1.32 e) 
0.17 
0.33 
0.17' 
0.10 a) 
"Greens" 
"Roots" 
Berries 
"Greens" 
"Roots" 
Berries 
"Greens" 
"Roots" 
1960-66 pCi 9 0 S r kg"1 
1963-66 pCi 1 3 7 Cs kg"1 
1960-66 mg Sr (g Ca) -1 
267 
270 
58 
152 
110 
41 
59 
50 
0.27 
0 .31 
0 .33 
0.64 
0 .73 
0 .44 
0.12 
0 .12 
0 .88 
0.89 
0.79 
0 .83 
0.55 
0.49 
0.28 
0.22 
0.15" 
0.18 a 
0.23 a 
0.11 a 
0.24 
0.24 
0.17' 
0.18 
Leaves brusse l sprouts 1962-63 
1963 
pCi 9 0 S r kg"1 
PCi 1 3 7 Cs kg"1 
1962-63 mg Sr (g c a ) " 1 
95 
21 
68 
0.24 
0.02 
0.10 
0.24' 
0.25' 
0.31 
0.32 
0.43' 
a) The 8 zones (Table A.1.2.5.1). 
b! The 10 state experimental farms (Table A.1.2.5.1). 
c) The 6 growing stations (Table A.1.2.5.1). 
d )
 ^ ( m o n t h s ) 
e) Each year was represented by one value only: 
"Greens": white cabbage, spring cabbage, red cabbage, brusse l s p r o u t s , k a l e , cau l i f l ower , cucumber, 
peas , beans, l e t t u c e , s p i n a c h , pars l ey . 
"Roots": p o t a t o e s , c a r r o t s , on ion , l e e k , b e e t r o o t , c e l e r i a c . 
Berr i e s : strawberry, tomato, gooseberry . 
on —1 
Table B . 2 . 5 . 4 . Anova of In (pCi Sr kg ) apples c o l l e c t e d in 1962-1974 
in the 8 zones (cf . Table A. 1 .2 .5 .1 ) 
Nature of e f f e c t Source SSD f .' Significance 
Main factors 
Year (Y) 62.011 12 5.168 28.9 
Location (L) 0.918 7 0.131 0.73 
Interaction Y»L 11.151 69 0.162 0.90 
Replication Error 0.893 5 0.179 
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Table B.2.6.1. The variability of '°Sr and 137Cs in 
(cf. Table A . l . 2 . 6 ) 
West Greenland l i d t e « 
Area Period Nuclide unit f t CTp (years) ^ p ' l o c a t i o n s ) 
W.Greenland 1962-75 pCi , 0 S r It?"1 32 
PCi 1 3 7 C kg"1 31 
0.41 
0.27 
0.OS 
0.14 
Table B . 2 . 7 . 1 . The v a r i a b i l i t y of , 0 S r in sea p lants (cf . Table A . l . 2 . 7 ) 
Sample 
Pucus ves iculosus 
Zostera marina 
Area 
Zealand 
Period 
1960-75 
_ • _ 
Nuclide uni t 
pCl , 0 S r (g Ca)*1 
f t 
30 
34 
CTp(years) 
0 . ( 3 
0 .65 
Table B . 3 . 2 . 1 . Anova of In (pCi 9 0 Sr (g Ca)*1) in Danish dr ied milk c o l l e c t e d Monthly 
from Nay 1959 to April 1976 ("milk year") from the seven dried-milk f a c t o r i e s 
(cf. Table A.1.3 .2) 
Nature of e f f e c t Source SSD S i e n l f l 
Main factors 
Year (Y) 656.176 
Month CM) 2.926 
Location (L) 11S.804 
16 41.011 2270.39 ( • • • ) 
11 0.266 14.70 
6 19.014 HOC.70 (•••) 
Y«M 
f i r s t - o r d e r in terac t ions Y«L 
M»L 
17.716 17: 0.103 5.72 (•••) 
6.552 91 0.072 4.00 {•••) 
• 3.630 66 0.055 3.06 (•••) 
Second-order interaction Y«M»L 
Replication Error 
25.904 92« 0.021 
S.101 438 0.011 
1.56 
As the second-order interaction is highly significant, it Is necessary to make a "break-
down analysis", e.g. consider one location at a time and one year. Such a breakdown analysis 
reveals a highly significant variation among years and among locations, while the annthly 
variation is less evident due to the significant interaction between years and smiths. 
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Tabl« s . 1 . 1 . 2 . t M M ml l a ipCi l37C% i« W _ I I in 3*BtsR « r i « 4 u U t » l U e f « < nanthly 
fran .Hay 1*57 t e Aari l 1*7* i " a t U yaar"} ' * * • « •* • * » • * dr i«d B i lk f a c t o r i e s 
'.cf. Tabl« J U L ) . 2 1 
Satar« • ( e f t e c t » 9 Sie/aific«**.-* 
Male f a c t o r s 
F ir s t -acdar iat«ra-rti« 
Y«ar ITI 
Msata (W 
Lacat lea IU 
Y«n 
T»L 
W»L 
U a ) . 2 M 
117.751 
170.902 
)7 .71« 
17.472 
7.1*4 
:• 
i i 
• 
17) 
•1 
«« 
• 5 . 7 ) 5 
l * . * « l 
» . • 1 7 
a.2i* 
4.1*2 
0 .19* 
11*5.1« 
l » ) . * 7 
542.11 
] . * • 
1.4* 
!.*• 
(•••) 
<•••) 
(•••» 
. . . 
. . . 
•>*> 
Smtmnå erdsr i n t e r a c t i o n T««»L 7*.J»0 • 1 4 :.oa5 1.55 
•ep-I icat iaa Errer 2 . »57 54 0 .055 
Th« M««rf -or*»r i n t e r a c t i o n I s aaly aiabahly s i g n i f i c a n t and m»y thi 
Ih« f i r s t - e r d a r i n t e r a c t i o n s a r « , haw«»ar. a l l s i a a i f l e a n t , and a b e « 
i s neces sary . This a n a l y s i s i n d i c a t e s a h i e a l y s i a a i f l e a n t v a r i e t i e r 
tamntht and l o c a t i o n s . 
Table » . 1 . 2 . 1 . Th« v a r i a b i l i t y af concentrat ions of 
(cf . Table A .1 .1 .2 I 
*0, Sr 1)7. 'c* ta Danish n i l k <**41k ya«r*I 
San* l e Area r e r l a d » v e l i d e a n i t ^atyoars« CTp(i »ths> CV. »Mocatic 
Dried » i l k 7 f a e t a r l t 
rr«sh a i l k • zones 
Hhol* a i l k 9 e x p . f a m s 
Dried a i l k 7 facr»r le» 
rrcsh » H k • lonas 
Hhol« » i l k * e s p . f a r s * 
l » 5 * - 7 i 
1**2-7« 
1**1-72 
19*2-7« 
19*2-70 
1*57-75 
l**2-7« 
l » * l - 7 2 
19*2-7« 
19*2-70 
•Cl 
K l 
* l 
- " 
- ' 
- " 
- ' 
U 
- ' 
-
Sr 
'cs 
• -
• -
« Ctf 
19 IH"1 
1720 
122* 
1292 
2 » 
• 4 
1351 
12)0 
92* 
2)7 
7 ) 
0 .*« 
0 .70 
0 .«2 
0 .*4 
0 .52"' 
l . l t 
1.45 
1.02 
1 . 5 ) 
1.2**> 
0 .04 
0 .04 
0.04 
0.00*? 
-
0.J0 
0 . 2 * 
9.14 
0 .19*' 
-
0.2« 
" .20 
0.2« 
0.22 
!».21 
Ø.M 
0 . 3 * 
0 . ) * 
0 .27 
0 .2« 
a) Only June and PILS—J i r vara Included for fresh »I lk in th« Monthly v a r i a b i l i t y . 
b) Th« Hhol« » i l k s a n a l e s were c o l l « c t « d m Snptanbar o n l y . 
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Table B.?.3.1. 90 —1 
Anova of In (pCi Sr (g Ca) ) in Paroese fresh milk collected weekly 
and analysed monthly« Nay 1962 - April 1976 ("milk year"), from Thorshavn, Klaksvig 
and Tvarå (cf. Table A.1.3.3) 
Nature of effect Source SSD Significance 
Main factors 
Year (Y) 236.340 
Month (M) 8.096 
Location (L) 1.622 
13 18.180 649.29 
11 0.736 26.29 
2 0.811 28.96 
(*••) 
First-order interactions 
Y»M 
Y»L 
M"L 
12.922 
2.834 
1.166 
142 
26 
22 
0.091 
0.109 
0.053 
3.25 
3.89 
1.89 
• •• 
• •• 
Second-order interaction Y»MXL 
Replication Error 
10.080 280 0.036 1.29 
1.722 61 0.028 
Two of the first-order interactions were highly significant. Individual anovas for tha 
years showed that neither the variation among locations nor the variation among months 
was generally significant« but the variation among years was highly significant within 
each location. 
Table B.3,3.2. 
and analysed monthly« May 1962 
and Tvarå 
Anova of In (pCi Cs (g K) ) in Faroese fresh milk collected weekly 
April 1976 ("milk year"), from Thorshavn, Klaksvig 
Nature of effect Source SSD Significance 
Main factors 
First-order interactions 
Year (Y! 
Month M) 
Location (L) 
Y«M 
Y*L 
M*L 
185.406 
4.411 
41.362 
19.734 
5.252 
4.796 
13 
11 
2 
143 
26 
22 
14.262 
0.401 
20.681 
0.138 
0.202 
0.218 
178.28 
5.01 
258.51 
1.73 
^.53 
2.73 
(•••) 
(•*•) 
• •* 
»•• 
• •* 
Serjnd-order interaction Y*M*L 
Replication Er.or 
22.160 277 0.080 
The first-order interactions were highly significant. Individual anovas for the years 
showed that the variation among locations was highly s ignif icant , whereas the variation 
among months was generally insignificant. The variation among years was highly significant 
within each location. 
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Table B.3.3.3. The variability of concentrations of Sr and Cs in Faroese milk 
("milk year") (cf. Table A.l.3.3) 
Area Period Nuclide unit CV. p(years) CV p(ir-jnths) CV p(locations) 
Faroes 
_ it _ 
Thorshavn 
Klaksvig 
Tværå 
Faroes 
1962-76 
1962-61 
1964-67 
1967-72 
1972-76 
PCi 90Sr 
pCi 137CS 
- " -
_ M _ 
_ W _ 
- " -
_ H _. 
- " -
^ * _ 
(g 
tg 
Ca) 
K) 
-1 
-1 
557 
494 
117 
118 
114 
65 
106 
178 
143 
0.73 
0.67 
0.60 
0.54 
0.43 
0.40 
0.34 
0.13 
0.14 
0.12 
u.09 
0.19 
0.10 
0.10 
0.20 
0.12 
0.16 
0.11 
0.05 
0.29 
0.17 
0.23 
P.31 
0.40 
The v a r i a b i l i t y of concentrations of Cs and Sr in t e r r e s t r i a l animals Table B . 3 . 4 . 1 . 
(cf . Tables A . 1 . 3 . 4 . 1 and A . 1 . 3 . 4 2) 
Sample Area Period Nuclide uni t CV. p(years) CV CV. p (months) p ( l o c a t i o n s ) 
Beef and veal 
Pork 
Beef and veal 
Pork 
Reindeer 
Reindeer bone 
Mutton 
Sheep bone 
Copenhagen June 63-March 76 
W.Greenland 1962-74 
- " - 1962-72 
- " - 1962-74 
- " - 1962-72 
- " - 1962-75 
- " - 1961-75' 
Faroes 1962-76 
- " - 1962-76 
e) 
PCi 
PCi 
PCi 
PCi 
PCi 
PCi 
PCi 
i37Cs kg"1 
90Sr kg*1 
— •* — 
137Cs kg"1 
90Sr kg"1 
* " — 
90Sr (g Ca) 
137cs kg"1 
90Sr (g ca) 
69 
47 
64 
44 
43 
42 
42 
41 
"
X
 53 
48 
43 
^ 4 0 
1.16 
1.57 
0.60 
0.82 
1.62 
1.19 
1.10 
0.99 
0.88 
0.99 
0.79 
0.74 
0.24 
0.09 
0.17 
0.13' 
0.57 f) 
0.18 f) 
b) 
b) 
0.36 c) 
0.10 c) 
0.19 d) 
a) The samples were c o l l e c t e d in June, September, December, and March. 
b) In December 1963, meat was sampled in the 8 lonesi CV 
,137,. p(locations) at 0.33 for beef and 0.30 for pork C1""Cs), 
c) 3 locations were included for reindeer meat sampling. 
d) 5 locations were Included for reindeer bone sampling, 
e) No samples of Greenland mutton were available In 1963, 1964, 1966, 1967 and 1970. 
f) The samples were from late winter and autumn (two periods). 
were on that occasion determined 
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Table B . 3 . 5 . 1 . The v a r i a b i l i t y of concentrations of 1 3 Cs and Sr in f i s h 
(cf . Table Ju l .3 .5 ) 
Sample b) Area Period Nuclide unit CV p (years) CV. p(species) 
8 
2 
5 
8 
2 
5 
s p e c i e s 
_ » _ 
—
 N
 — 
_ M _ 
_ * —. 
Denmark*' 
F a r o e s 
Green land 
Denmark*' 
F a r o e s 
Greenland 
1 9 6 3 - 7 3 
1 9 6 2 - 7 6 
1 9 6 3 - 7 2 
1 9 6 3 - 7 3 
1 9 6 2 - 7 6 
1 9 6 3 - 7 2 
PCi 1 3 7 C , k , " 1 
— *• — 
pCi * ° S r k g - 1 
- - -
— " — 
6 0 
9 5 
43 
49 
96 
39 
0 . 2 6 
0 . 4 0 
0 . 4 6 
0 . 3 1 
0 . 5 6 
0 . 5 3 
0 . 5 0 
0 . 1 1 
0 . 3 8 
0 . 4 0 
0 . 1 0 
0 . 6 0 
a) The Danish fish were caught in inner Danish waters. 
b> The Danish species were: cod, plaice, herring, eel, salmon, garfish, mackerel, 
trout; the Faroese species were: cod and haddock« the Greenland species were: 
cod, halibut, salmon, angmasatter, trout. 
Table B.3.6.1. The variability of 90Sr and 137Cs in seals, whales 
and hens' eggs 
Sample Area Period Nuclide unit CV. p (years) 
Whale 
S e a l 
Whale 
S e a l 
Hens ' 
• * 
e g g s 
N . A t l a n t i c b ) 
Greenland 
N . A t l a n t i c b > 
Greenland 
Denmark 
1 9 6 2 - 7 5 * ' 
1 9 6 2 - 7 6 c l 
1 9 6 2 - 7 S d ) 
1 9 6 2 - 7 6 C > 
1 9 6 3 - 7 5 e > 
* * — 
pCi 
PCi 
pCi 
pCi 
9 0 sr kg"1 
— * • 
1 3 7 C » k , " 1 
— •* —-
9 0 S r k g " 1 
1 3 7 C » k g " 1 
19 
33 
15 
36 
10 
10 
0 . 8 1 ^ 
0 . 9 8 f ) 
0 . 8 9 f > 
0 . 4 4 " 
1 . 2 5 
1 . 3 9 
a) Except 1964, 1967, 1971, and 1973. 
b) The samples were from the Faroe Is lands and from Greenland 
(Table A . 1 . 3 . 6 . 1 ) . 
c) Except 1970-1975. 
d) Except 1964, 1967 and 1971-1973. 
e) Except 1967, 1972 and 1973. 
f) The samples were c o l l e c t e d over a large arua, consequently t;\e 
v a r i a b i l i t y auong years a l s o comprise l o c a l v a r i a b i l i t y to some 
e x t e n t . Furthermore the v a r i a b i l i t y among years a l so contains a 
contribution from i n t e r s p e c i f i c v a r i a b i l i t y « the Faroese whales 
were a l l p i l o t whales (Globicaphala melaena), which feed mostly 
on c u t t l e f i s h , and the Greenland whales were piked whales (Ba-
laenoptera acutoros trata ) , which feed on f i s h ( e s p e c i a l l y herr ing) . 
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Table B . 3 . 6 . 2 . Anova of Sr and Cs In Danish and Faroese eggs c o l l e c t e d in 1963-1976 
(uni t : In pCi kg"1) 
Nature of effect Source SSD S i g n i f i c a n c e 
Main fac tors 
F i r s t - o r d e r i n t e r a c t i o n s 
Year (Y) 
Location (L) 
Nuclide (N) 
Y*L 
Y»N 
L»N 
40.468 
1.609 
20.549 
5.916 
1.734 
0.072 
13 
1 
1 
8 
12 
1 
3.113 
1.609 
20.549 
0.73S 
0.145 
0.072 
8.67 
4«C 
57.24 
1.13 
0.22 
0.11 
Second-order i n t e r a c t i o n Y*L»N 
Repl icat ion Error 
2.689 8 0.336 0.51 
15.058 23 0.655 
The Faroese eggs probably contained more Sr and Cs than the Danish (1 .4 t imes more 
on the average) . The concentration of Cs was 3 times that of S r . The r e p l i c a t i o n 
inc ludes v a r i a t i o n s wi th in a sampling year and may thus a l so inc lude v a r i a t i o n s due to 
the d i f f e r e n t o r i g i n s of the eggs . 
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90 —1 
Table B . 4 . 2 . 1 . Anova of In (pCi Sr <g Ca) ) in Danish t o t a l d i e t 
c o l l e c t e d in 1962-1974 in the 8 zones in June and December 
(cf. Table A . l . 4 . 2 ) 
2 2 
Nature of e f f e c t Source SSD f s v S ign i f i cance 
Time (T) 141.125 25 5.845 217.1 • • • 
Main factors a c t i o n (L) 9.137 7 1.331 51.2 • • • 
Interaction T»L S.600 175 0.032 1.23 * 
Replication Error 6.502 254 0.026 
Time means s i x months; the in teract ion between time and locat ion was only 
probably s i g n i f i c a n t . I t i s therefore neglected in the t e s t s of the main 
fac tors , which are both highly s i g n i f i c a n t . 
Table B . 4 . 2 . 2 . Anova of In (pCi 1 3 7 Cs (g K)"1) «.n Danish t o t a l d i e t 
c o l l e c t e d in 1963-1974 in the 8 zones i n June and December 
(cf. Table A . l . 4 . 2 ) 
2 1 
Nature of e f f e c t source SSD f s v S ign i f i cance 
Time (T) 361.813 23 15.731 (491.6) (•••) 
Main factors locat ion (L) 5.950 7 0.850 (26.6) (•••) 
Interact ion T»L 11.592 161 0.072 2.25 •*• 
Replication Error 5.73S 177 0.C32 
Time means s i x months. The interact ion i s highly s i g n i f i c a n t , and the teat o f 
the mam factors nay thus be unwarranted. However, an inspect ion of the data 
(Fig. 4 .2 .1) shows a substant ia l o v e r a l l e f f e c t of T, and unt i l 1972 I t I s 
iurther evident that the loca l var iat ion i s s i g n i f i c a n t (Meet-Jutland > Lol-
land-Falster) . 
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Table B . 4 . 2 . 3 . The v a r i a b i l i t y in Danish t o t a l d i e t samples (c f . Table 
A . l . 4 . 2 ) 
Period Nuclide unit c v p(years ) " ^ ( l o c a t i o n s ) 
8 zones 
« zones 
1962-74 
19S1-66 
1967-72 
1973-76 
1963-7« 
196 3-66 
1967-72 
1973-76 
pCi ? 0 Sr (q Ca)' 
pCi l 3 7 C s (9 K)"1 
461 
264 
191 
127 
368 
126 
205 
67 
0.60 
0 .67 
0 .14 
0.32 
1.29 
0.52 
0.22 
0.28 
0 .14 
0 .13 
0 .16 
0 .10 
0 . 1 3 
0 .16 
0 .12 
0 .12 
(years ) ' v a n s periods of s i x months (cf . Table B . 4 . 2 . 1 and Table B . 4 . 2 . 2 ) , 
The loca l v a r i a b i l i t y showed a decreasing tendency with time r e f l e c t i n g 
the increasing transfer of foodstuffs among the various areas of the 
country. The local v a r i a b i l i t y aay be even l e s s pronounced than seen In 
1973-1976 because the number of towns within the s tap l ing tones i n t h i s 
period was reduced from 6 to 1. 
If the yearly d i e t a c t i v i t y l eva ' s were considered ( i . e . 1/4 December 
d i e t ( i -1) + 1/2 June d i e t ( i ) + 1/4 December d i e t (i>) C V . „ „ _ , became 
«„ . , . } p (years) 
0.59 for uSr (1962-197*) and 1.4« for 1 J , CS ) 1963-197«) . 
Table B . 4 . 2 . 4 . Anova of In (mg Sr (g Ca)'1) in Danish t o t a l d i e t c o l l e c t e d in 1963-1972 
in the 8 zones in June and December (cf. Table A. 1.4.2) 
Nature of effect Source SSD S i g n i f i c a n c e 
Main f a c t o r s 
F i r s t - o r d e r i n t e r a c t i o n s 
S e c o n d - o r d e r i n t e r a c t i o n 
R e p l i c a t i o n 
Year (Y) 
L o c a t i o n 
Month 
y»L 
Y*M 
L»M 
Y«L«M 
Error 
(M) 
( U 
0 . 9 3 9 
2 1 . 7 0 0 
1 . 4 3 1 
3 . 1 6 4 
0 . 6 4 2 
0 110 
1 .427 
5 . 1 9 9 
9 
8 
1 
71 
8 
7 
49 
130 
0 . 1 0 4 
2 . 7 1 2 
1 .431 
0 . 0 4 5 
0 . 0 8 0 
O.Olf 
0.029 
0.040 
2.60 
67.80 
35.78 
1.12 
2 .00 
0.40 
0 .73 
• 9 
*•• 
• •• 
The mean of the 8 zones was 1.44 mg Sr (g C«)~ , and the population weighted Mean 
'.Copenhagen included) was 1.52 mg Sr (g Ca) . 
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Table B . 4 . 2 . 5 . At:Ova of In (pCi Sr (g Ca) x) DIET / ( P C i 
9 0 Sr (g Gå)'1) MILK 
c o l l e c t e d simultaneously In the 8 zones in Denmark during 1962-1976 
(cf. Tables A . 1 . 4 . 2 and A.1 .3 .2 ) 
Nature of e f f e c t 
Main factors 
Interact ion 
Repl icat ion 
Source 
Year (Y) 
Location 
Y»L 
Error 
(L) 
SSD 
23.837 
4.501 
17.763 
6.645 
f 
29 
7 
203 
286 
S2 
0.822 
0.643 
0.088 
0.023 
v 2 
35.7 
28.0 
3.77 
S igni f icance 
(•••) 
(•••) 
• *• 
The ari thmetic grand mean was 1 .44 . In general , the Is lands showed higher 
r a t i o s than Jutland (1.18 times h i g h e r ) . The maximum r a t i o s occurred in 
June 1974 and in June 1966. Minima were in December 1970 and Decenber 1967. 
The r a t i o between max. and min. was approx. 2 . The interact ion was part ly 
due t o a decreasing d i f ference with time between the ra t io s found in Jutland 
and the I s lands . The tranfer of rye from Jutland t o the Is lands and of wheat 
in the other d irec t ion expla ins the loca l var ia t ion . 
Table B . 4 . 2 . 6 . Anova of In (pCi 1 3 7 Cs (g K)"1)
 M E T / (pCi 1 3 7 Cs (g K)"1) 
c o l l e c t e d simultaneously in the 8 zones in Denmark during 1962-1976 
(cf. Tables A.1 .4 .2 and A.1 .3 .2) 
MILK 
Nature of e f f e c t 
Main factors 
Interact ion 
Replication 
Source 
Year (Y) 
Location (L) 
Y*L 
Error 
SSD 
37.338 
8.457 
38.613 
5.917 
f 
27 
7 
187 
176 
S 2 
1.383 
1.208 
0.205 
0.034 
V2 
40.7 
35.5 
6.14 
S igni f icance 
(...) 
(*..) 
. . . 
The arithmetic grand mean was 1.57. The loca l pattern was s imi lar t o that 
90 
observed for Sr (Table B.4 .2 .5) , but the loca l var ia t ion was more pro-
nounced for Cs (Jutland/Is lands • 1.27) . The time pattern a l so corre-
90 
sponded tc that of s r , but the r a t i o between max. and min. was approx. 3 . 
- 357 -
Tab!« B.4.J.I. Anova of In (pCi ,0Sr <« Ca)-1) in Danish infant boa* collected in 
1**2-1974 (cf. Tabic A.l.4.3) 
Nature of effect Source SSD S i g n i f i c a n c e 
Main factors 
Tear (T) 
A«*1' (A) 
Locat ion 2 ' (L) 
1 0 S . K « 
4.052 
4.41« 
14 
4 
4 
7.SC4 
1.013 
1.154 
33.92 
4.S4 
5.17 
Y»A 
Firs t -order i n t e r a c t i o n s Y«L 
A«L 
• .190 
11.029 
1.83« 
39 
41 
« 
0 .210 
0.2*9 
0.39« 
0.94 
1.21 
1.37 
Second-order i n t e r a c t i o n Y«A»L 
Repl icat ion Error 
4.«7S 
97.737 
17 
434 
0.275 
0.223 
1.23 
1) 
2) 
The age groups were 0 - 1 , > 1-2 , > 2 - 3 , > 3 - 4 , and > 4-S y e a r s . 
The loca t ions were sones I , I I , I I I , IV, v , VI. 
Table B . 4 T 3 . 2 . Anova of In (oCi , 0 S r (a Ca) ' 1 ) i n Danish a d u l t bone c o l l e c t e d 
in 19«0-1*7« (c f . Table A. 
Nature of e f f e c t 
(tain fac tors 
F i r s t - o r d e r i n t e r a c t i o n s 
Second-order i n t e r a c t - i n 
Repl icat ion 
.1 .4 .3 ) 
Source 
Year (T) 
Age1' (A) 
Locat ion 2 ' 
T«A 
Y»L 
A'L 
Y»A»L 
Error 
(L) 
SSD 
9« .432 
2.23« 
S.«3« 
10.370 
5.050 
2.240 
11.330 
59.732 
f 
1« 
« 
t 
•5 
so 
20 
103 
54« 
s 2 
« .027 
0 .373 
1.439 
0 .122 
0 .101 
0 .112 
0.110 
0.109 
v 2 
55.29 
3.42 
13 .20 
1.12 
0 .93 
1.03 
1.01 
S i g n i f i c a n c e 
••• 
•• 
••• 
2) 
The age groups were: 2o 79, 30-39, 40-49 , 50-59 , 60 -49 , 7 0 - 7 9 , .> SO y e a r s . 
The loca t ions were: zones I - V I I I . 
Table E . 4 . 3 . 3 . The v a r i a b i l i t y in Danish huauui bone samples ( c f . Table A. 1 .4 .3) 
Age Area Period Nuclide unit 
't ^ptyears) cvp( locations) 
0-30 days 
0-5 years 
5-11 years 
12-19 years 
20-29 WM 
2. 39 years 
Zones I -VI a ) 
Zones i - v i 
Zones I-VI*' 
Zones I - v i I I 
Zones I-VII 
Zones I - v i I I 
1963-76 
1962-7« 
1960-76 
1960-7« 
1960-76 
1960-76 
pCi »°Sr 
• • — 
—
 *
 — 
—
 m
 — 
» • — 
- " -
(9 C . , " 1 167 
563 
151 
329 
217 
546 
0.31 
0.45 
0.30 
0.44 
0.35 
0.37 
0 .05 
0.09 
0 .08 
0.0« 
0.11 
0.09 
a) Except zone v. 
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Tabl« ».4.4.1. Anova of In (pCi ,0Sr (« C*)'1) in deciduous teeth shed sy Danish children 
borr in 19S0-19C9 in Jutland and th« Islands Icf. Table A.l.4.4) 
Statur« of effect Source SSO f s3 v2 Siamiri 
Tear of birth (Y) 117.243 
Main factors location (L) 
Species (S) 
T»L 
First-order interactions T»S 
L«S 
Second-order interact ion Y»l*S 1.1M 41 0 .07t 0.05 
Replicat ion Error 21.347 254 0.092 
Althoueh the interact ion between b ir th year and th« d i f f erent teeth was s i g n i f i c a n t , t h i s 
interact ion i s not s o pronounced that i t e c l i p s e s the s i g n i f i c a n c e of the stain f a c t o r s . 
However, the d i f ference —ami the d i f ferent t eeb i ( Inc i sors , cuspids , nolar I and s o l a r II) 
was not s i g n i f i c a n t in a l l Materials (cf . XII) . 
.7.2
3.033 
3.170 
1.972 
7. »50 
0.144 
19 
1 
3 
17 
SO 
3 
K.C97 
3.033 
1.290 
O.llt 
0.157 
0.04« 
101.49 
32.97 
14.02 
1.2C 
1.71 
0.52 
• • • 
••• 
••• 
•• 
Tabl« 0 . 4 . 4 . 2 . Th« v a r i a b i l i t y In sanplcs of deciduous t«eth (cf . Tabl« A . l . 4 . 1 ) 
Area Period Nuclide unit f t C V p ( y w > ) C V p ( ^ f c l # , ) C V ^ ^ ^ . . , , 
Denmark 19S0-C9 pCl *°Sr (a C«)"1 ) • • 1.12 0.10 0 .09 
Faroes 1950-M - ' -
Greenland 1952-67 - " -
} • 
143 
70 
1.01 
1.6« 
0.00 
0.07 
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Table • • « . » . i . a . taor< af l a tpCi l , 7 C s («. R>-1> in f i v e adult s a l e s 
workin« a t »Is« aeasured in 1943-1972 Ccf. Table A.1 .4 .S) 
iiatttre of e f f e c t Source SSO f » v S ign i f i cance 
Tear iT) 90.355 » 10.0)9 147.4 • • • 
ruin factors indiv idual (1} 1.M9 4 0.442 12.J • • • 
Interact ion r-I 1.941 33 0.059 l . S t 
Replication Error 2.»25 7« 0.C37 
The three annual neesureaents were w e d a« r e p l i c a t e s . I . e . , the error thus 
includes a poss ib le seasonal v a r i a t i o n . 
Tab!« > . 4 . 5 . 1 . b . Anova of In (pCi l I 7 CS ( • R ~ l l in f i v e adult (ana le s 
workina at U s « aeasured in 1943-1972 
nature of e f f e c t Source SSO f s 2 T 2 S i e n i f i 
»ear (TJ 113.35« 9 12.595 1J9.7 • • • 
Hain factors indiv idual <1» 3.397 4 0.049 9 .42 • • • 
Interact ion T-I 4.145 34 0.12« 1.42 
Repl icat ion Error 4.7*0 75 0.09O 
The two eroups analysed in Tables a and b were s e l e c t e d froa the e n t i r e contro l 
aroup according to the c r i t e r i o n that these Indiv iduals had been aeasured reaw-
l a r i y throughout the period of observat ion . 
Table a . 4 . 5 . 2 . The v a r i a b i l i t y in wholebody 1 J 7 Cs concentrations 
(cf . Table A.1 .4 .S) 
Are. Period nucl ide un i t f t C V p ( y M W ) c v p ( M j | # s ) 0,p{lnilwléMtl9) 
Ris« 1943-72*1 pCl I , 7 C S (a K ~l 247 1.13 - 0 .20 
- - - 1943-49 - " -
- - - 1970-7« - - -
 
:»2 
142 
.  
0 .45 
0.34 
-
0.09 
0.20 
a) The group cons is ted of the 10 Indlv. luals analysed by sex in Tables 0 . 4 . 5 . 1 . a and b . 
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Table ».-..*.!.a. Aaova of la ipCi *°sr (e Cai'1) la hunan t i l t collects« 
IR 19*1-19*9 ("«ilk year") ta Zealand (ef. Takl* A.l.4.4) 
Stature of effect Source SSO f a2 v2 Significance 
tear (T) le.9J7 • J.1*7 27.97 • • • 
Hain factor« ^ ^ ^
 ( | f f 0 .934 11 0.04W 1.00 
Interac t ion Y>H 4.391 2« 0.157 l . § s 
Repl icat ion Error 2.201 2« 0.0*1 
Table i . 4 . t . l A . aaova of l a feci l , 7 0 » {« » ) _ 1 » l a aaaaa a* Ik c o l l e c t e d 
in 1941-1949 C a l l a year*) l a Zealand 
Mature of e f f e c t Source SSO f s 2 » 2 S lanl f Iraare 
Tear (X) 112.044 • 14.M« (2S4.S) (***t 
Hain factor* njoath CM) 4.222 11 0.304 f4V'0l C***l 
Interact ion T>R 4 .M0 14 4.144 2 .42 *•* 
Repl icat ion Crier S.4SS 103 0.055 
MUtoonti the interact ion was s i g n i f i c a n t , i t * « evident that the var ia t ion 
aaoaa years was hlohly s i g n i f i c a n t . The aaaa l e v e l IK 1943-19*4 was an order 
of Baenitude hleher than l a 19*9-1970. The var iat ion a s m * •oaths was a l s o 
s i e a i f l e a n t . Durlaf ta* e a t Ire period the siaaaer aoaths thes showed l e v e l s 
nearly twice as hioh as those la winter a t e early spr lne . 
Table 1 . 4 . * . 3 . The v a r i a b i l i t y in Danish human a l l k s a e o l e s 
(cf . Table n .1 .4 .4 ) 
Area 
Zealand 
Zealand 
»erlod*' 
1941-49 
1941-49 
Bi-:11de un i t 
PCi *°Sr (4 Ca)"1 
PCI l31C» (« W" 1 
f t 
45 
15« 
cv 
p(years) 
0.54 
I.ffJ 
" p t a o n t h s ) 
0 .11 
0 .1« 
a) Th* years were ' B i l k years" , i . e . , " * / . . _ . . " * P r i l i « i -
• 
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APPENDIX C 
PREDICTION MODELS AND RADIOECOLOGICAL SENSITIVITY 
Appendix C describes the calculation of prediction models by 
the so-called FIT procedure. The models estimated for the 
various samples studied are given in tables where the radio-
ecological sensitivity is also estimated. 
C.l. Introduction 
An environmental sample is, in principle, contaminated by 
radioactivity via two different pathways: a primary pathway 
where the radioactive debris is taken up directly from the 
atmosphere, or from precipitation, and a secondary pathway 
where the radioactivity already deposited in the soil, the 
sea, fresh water, or in vegetable and animal tissues (from 
foregoing steps of the food chain) is assimilated. We thus 
assume that the concentration of a radionuclide in an environ-
mental sample may be related to the deposition rate (fallout 
rate) of the nuclide in question and to the accumulated amount 
of activity previously deposited. This basic model was suggested 
already in the first UNSCEAR report in 1958 (Un58); later, the 
models have been further developed. The aim of the prediction 
models in this study was primarily to estimate the transfer 
factor P_, (Un58-77) from fallout in the various samples studied, 
i.e. the radioecological sensitivity. Is was thus not a main 
purpose to explain the numerous processes acting in the 
transfer of the radioactive contamination although such processes 
have been dealt with throughout the text. Hence the expression 
90 for the Sr content of inner Danish surface waters (cf.table 
C.1.5.1)does not, e.g., give any information on the inflow or 
outflow from other compartments; it merely relates the concen-
tration in the water to the deposition data over Denmark, 
90 
although a substantial part of the Sr in the water has its 
origin outside Denmark. Dynamic modelling techniques, or systems 
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simulations (Eb67), are especially useful - even though they 
also contain "black boxes" - when the responses to variations 
in the various compartments are studied. However, in the case 
of global fallout where the source of contamination is common, 
models such as those applied in this study have generally 
been preferred (Un58-77). 
C.2. Actual models 
At present UNSCEAR (Un77) uses a model of the form: 
Y± = a • d± + b • di_1 + c • A._2 (n) (Eq.C.l) 
where Y. is the concentration of a given radionuclide in a 
given sample collected in the year (i), d. and d., are the 
fallout rates (in mCi km '} in the years (i) and (i-1), 
respectively, of the radionuclide in question, and A. - . . is 
the accumulated fallout by the year (i-2) assuming an effective 
halflife of n years, which at most equals the radiological 
halflife of the radionuclide, but is usually lower; a is the 
so-called rate factor, b the lag rate factor and c the soil 
factor. 
The model applied in this study fs a further development of 
the UNSCEAR model: 
Y. = a • d. + b • d.^ • c • A±_2 (n) + d • A._2 (R), 
(Eq.C.2) 
the last term in this expression makes allowance for the fact 
that the effective halflife of the radionuclide probably 
changes in time and may ultimately approach the radiological 
halflife (R) (cf.1.6); d is the ultimate soil factor. 
The two models mentioned above have been used especially for 
90 137 
Sr, but in some samoles they have also been applied to Cs. 
137 However, as the root uptake of Cs from Danish soils is often 
negligible, a third model was applied especially for this 
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radionuclide: 
Y^ - a • d£ + b • d ^ + f • d£_2. (Eq.C.3) 
To distinguish the d. and A. values for Sr and Cs, 
137 
respectively, the Cs values are marked by an apostrophe: 90 dj, A', etc; no apostrophe always indicates Sr data, and two 54 
apostrophes are used for Mn (cf.table C.2.2.7). 
Modified models were applied for Sr and Cs in grain: 
90 
Sr : Y± = ax • d± (J.A) + c A ^ (n) (Eq.C.4) 
Yi " al * di (J-A) + c Ai-1 (n) + d Ai-1 (R) <E<i-C-5> 
and 137Cs: Yj = a2 • d£ (M_A) (Eq.C.6) 
90 —2 
where di ,, a» is mCi Sr km deposited in July-August of 
i W-A) 137' -2 
the year (i) and dj #M_A) i s raCi C s tan deposited in May-
August of the year (i). a1 and a2 are the corresponding rate 
factors. 
The factors (a, b, c, ...) in the equations have been cal-
culated by a least squares procedure. The squared sum S. of the 
differences between calculated and observed values (y.) over 
the period of observations (p years) was minimized, e.g.: 
i-P 2 
St - ^ (a di * b * di-l + c ' Ai-2 (n) + d ' Ai-2 (R) ' *i> . 
If d± » xv di_1 - x2, Ai.2 (n) - x3, A i. 2 (R) - x4 and Y i - y, 
then 
"II • aSx1 + blx1x2 + cEx^ x-j + dZx^Xj - Zx^y - 0 
4c • bZx2 + aZx,x2 + cEXjX-j + dZx2x, - Zx2y « 0 
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le o 
j - - cEXj + aZXjX3 + b£x2x3 + dEx3x4 - Ex3y = O 
j ^ » dEx^ + a£x1x4 + b£x2x4 + cEx3x4 - Ex4y - 0 
These four equations may be solved for given effective (n) and 
radiological (R) halflives. A computer program (Li75) FIT was 
on 
developed which, for a fixed R, e.g. for Sr (R = 28 years), 
tests all effective halflives (n) from 1-27 years. The positive 
coefficients of a, b, c ... and the value of n which give the 
highest correlation coefficient (r) between observed and cal-
culated values are considered as the best estimate. In the 
evaluation of the quality of the various models, the mean ratio 
between observed and calculated values is also applied. Thus, 
if two models have similar correlation coefficients, the model 
with the mean ratio closest to 1.00 is generally preferred. 
C.3. Radioecological sensitivity 
The prediction models serve a dual purpose. As their name 
implies, they are used for predictions of the concentrations 
of radionuclides in various samples from fallout data; but 
they may also, as mentioned above, be applied to estimate the 
transfer coefficient from one step in the food chain to the 
next. As a special case of the latter purpose, the models may 
be used for the estimation of the infinite time exposure 
integral from a deposition of 1 mCi km , distributed like glo-
bal fallout throughout a year, to a given item of the food chain, 
This quantity is called the radioecolooival sensitivity.and 
it is equal to the transfer coefficient from fallout to the 
sample in question. The transfer coefficient is defined as 
the ratio of the infinite integral of concentrations in the 
—V 
sample to the ingegrated deposition rate. As f e~mv= t- -b 
m»l i~c 
the infinite time in^ egir.,Is of the models (Eq.C.l-C.6) were: 
(1) i a + b + c • -* I-e"" 
(2) 
(3) 
(4) 
(5) 
(6) 
Where p = 
: a + b + c • -S-
1 
s a + .b + f 
s a 2 • 0.24 + c -
: aA • 0 .24 + c -
: a 2 • 0 .54 
and X = 
ln2 
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- y 
- e - + 
l -sTu 
e~w 
I-e"* 
R 
ln2 
d • 
-i- d 
-X 
l - e - X 
-X 
e 
1-e 
-2 2 
An annual deposit of 1 raCi km implies a deposit of 0.24 mCi km 
in July-August and of 0.54 mCi km"2 in May-August. These fractions 
were the average values for the fallout observations made in Den-
mark since 1962. 
The radioecological sensitivity depends upon three variables: 
radionuclide, sample type and sample location. A comparison 
with respect to one of these variables implies that the other 
two are kept constant. Thus a comparison of, e.g., local 
radioecological sensitivities implies one radionuclide in 
identical sample types from various locations. It is assumed 
that the radioecological sensitivity is time independent, 
although this may be a simplification (Aa72a). 
C.4. FIT tables 
In the following the prediction models estimated for the 
various types of sample have been compiled. In general, two 
models will be given for each sample and each nuclide. For 
90 Sr, Eqs.C.l and C.2 (for grain products Eqs.C.4 and C.5) are 
137 
shown. For Cs, Eqs.C.l, C.2 or C.3 (for grain products C.6) 
are given. For certain samples (e.g. human bone), the estimate 
of the radioecological sensitivity depended on the model used. 
In general, Eq.C.2 yielded higher values than Eqs.C.l and C.3, 
because the long halflives of 90Sr and Cs made the con-
tribution from the last term in Eq.C.2 relatively large. 
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The tables are numbered as the anova tables in the preceding 
appendix, which means they show a C followed by three digits 
representing the chapter and section of the main text and a 
serial number. In the table each equation has an equation num-
ber. For practical reasons, some tables have been subdivided 
into an a, b (and c) part. When referring to such tables, the 
a, b (and c) are omitted. Besides the prediction equations, the 
tables indicate the radioecological sensitivity and the correlation 
coefficient (r) (Eq.B.7) between the observed data and the values 
calculated from the equation. The significance level of the 
correlation coefficient is as usual indicated by stars. 
Note added in proof 
Since the prediction models were calculated, data from 1977-1979 
have become available. These data may be used for a test of the 
reliability of the predictions from the models. 
The relative standard deviation of the ratios between predicted 
and observed annual values during 1977-1979 was 35%, on the aver-
age. Ratios based on models with much data, such as Danish dried 
milk, showed a relative standard deviation of half of this aver-
age. In most cases, the models with three terms (Eq C.l.) gave 
just as good predictions as those with four terms (Eq C.2.). 
137 The Cs models generally underestimated the levels in 1977-1979, 
137 probably because the Cs deposition was calculated from the 
90 
Sr fallout by multiplication with 1.6. This may have been too 
137 90 low a Cs/ Sr ratio in 1977-1979, as suggested by the higher 
ratios found in air samples from these years. 
90 In the case of Sr, the ratios between predicted and observed 
values showed no systematic deviation from unity on the whole. 
The models for vegetables, milk, meat, bread and total diet tended 
90 however to predict higher Sr values than observed, whereas the 
opposite was the case for the models for grain, apples, and eggs. 
90. Tab!« Cl.4.1. Prediction models for Sr in fraah water samples (unit tit radloecoloylcal 
••naitivityi pCi *°Sr l~*y par mCi 908r km"') 
No. Sample Area Period '°*r-actlvity, pCi l"jj, • • i w l t l v l t y 
7.4"10" 
• .»»10" 
0 .31 
0.29 
0.70 
1.12 
4.4"10" 
I.I«10" 
0.39 
0.099 
0.073 
0.92 
0.92 
3 
J 
•3 
J 
r 
0.024I*«* 
0.I24I*** 
0.9994*** 
0.9993*** 
0.991S** 
0.9494*** 
0.9J15* 
0.9919* 
0.9794*** 
0.7494*** 
0.7370*** 
0.7M3*** 
0.7993*** 
1 
2 
3 
4 
5 
' C 
7 
• 
9 
10 
11 
12 
13 
Ground water 
v " v 
Straw« water 
Lak« watar 
Danmark 1991-74 
o •* ee • " e» 
- " - 1993-75p ) 
»-3, 10 • 'J1 .10d i *0 .91d 1 . x -»0 .30A 1 _ 2 a l ) *O.Oi«A 1 > , a ( 2 i ) ) 
1 0 " 3 J 1 . 1 0 d 1 - r 0 . 9 1 d i . l * 0 . 3 2 A 1 . j ( u ) J 
0 . 1 7 4 l * 0 . 0 0 2 9 A 1 . j < 4 ) * 0 . 0 0 3 9 * 1 - 1 j j , j 
0.17d<«G.0039A< 
'1-1 (14) 
0 .1 id i - f0 .044d 1 . 1 -»0 .22A 1 . j ( a ) 
0
- »V 0 - °» * i - l ( 24 ) 
Drinking water * * «• 19*5-73,») 10" 3 (0 .41d 1 *0.41A 1 . 1 ( 7 , ) 
- " - - " - - " - 1 0 " 3 ( 0 . 7 4 A 1 ( 1 ) * 0 . 0 4 1 A t ) , t ) ] 
Drinking watar Thorahavn 1942-74 0 ' 0 * M i p * 0 « 0 1 1 * i _ j F + 0 ' ° * 4 \ - 2 ( l ) f * 0 , 0 0 4 A i - 2 { 2 l ) r 
- " - Xlakavle - " - O,O31d1 F*0.OO3A1 .1 ,„p 
- * - Tver* ' - " 
' - 0.054d,.+0.049d 
0.023d i p *0 .0049A 1 . n s ) f *0 .0004A t . 1 ( M ) r 
N.Greenland 1 < r 1 . 1 0 * 0 . 0 2 0 A 1 . a ( l ) 0 * 0 . 0 1 0 A 1 . 2 ( 2 t ) 0 
O . 0 9 4 d l o « 0 . 0 5 9 d 1 . 1 G * 0 . 0 H A 1 . 2 ( 2 é ) f l 
For a aaan deposi t ion of 1 MCI *°Sr km-3 in the Paroea, the deposi t ions in Thorshavn, Klaksvl« and TverI were 
0 .47 , 1.33 and 0.93 »Ci *°»r km"2, r e s p e c t i v e l y . The deposi t ions at Thorshavn and Klnksvl« were ca lculated fro« 
the prec ip i ta t i on data c o l l e c t e d in 1942-1974 (RAP 92-79) and th« man deposi t ion in th« Pare«« was «it lmat«d 
aa the swan of these two l o c a t i o n s . The deposi t ion at Tver! waa estimated frost the ' ° 9 r determination of a s o i l 
sample c o l l e c t e d i n 1917 (cf. Table 0 . 1 . 1 . 1 . 2 ) * the redloocoloe lca l s e n s i t i v i t y of Pare««« drinkIn« water was 
estimated a t . M ^ ' M t M t r f J ^ W * 9 i W 9 i f ^ . 0 . 1 1 . 
o> Except 1949-1944, 1999, 1972, 1974. 
p) except 1944-1970, 1972, 1974. 
a.) Except 1971. 
Table cl.S.l. 
pci ,0Sr l" 
.* Prediction awdala (or 
*y par mCi *°Sr 
»0 
am"2) 
Sr In aaa water (unit (or redloecoloalcal sansltlvltyi 
No. Sample Ara« Parlod *°Sr-activity, pCi l"jj, Sensitivity 
1 
2 
3 
4 
S 
6 
a) 
Surfaca water 
*. * w 
w • .. 
• • — 
• • — 
«
 m
 w 
Due to tha 
Innar Daniah 
waters 
m
 m
 m 
N.Atlantic*' 
• • « 
H.Graanland 
K.Greenland 
l » « l - 7 a a ) 
« * «* 
ma-7« 
« • «• 
1M2-7S 
w • w 
inflow of North Saa watar 
0 ,02Sd 1*0.0J«d i , . l*0. OUA^,, ( j j + O . b o t i ^ . j j j , , 
O.0a4d i-»0.0a7d 1 . l*0.014A 1 .2( 1 0) 
1 0 - 3 [ « . » d l r M . » d 1 . l r * O . J 3 A 1 . a ( l p ) r * 0 . 3 4 A 1 . , ( a | ) f J 
K T ' U . t d ^ S . O d ^ ^ O . M A ^ u , , . ] 
0 . 0 « 0 d 1 G * 0 . 0 0 t d 1 _ 1 G * 0 . 0 3 # A 1 . a ( 1 ) o * 0 . 0 0 3 3 A 1 . a ( a | ) o 
0 • ° « M 1 G * 0 - O O M i - l G + 0 . OOSAJ.J < a „ 0 
p.4§ e 
o.at o 
0.033 0 
0.030 0 
o.ai o 
0.3« 0 
contaminated with non- fa l lout Sr a f ter 1973, tha succeeding yaara 
.••J4**« 
. • » • « • • • 
.•313««» 
.t314«*» 
.••05*»» 
. f l7«»»» 
war« 
90. 
omitted, 
b) Including Faroaaa watara. Tha " S r fallout data wara tha Faroaaa data. 
Tha fallout data applied to H.Graanland aaa water wara those from GodthAbi for I.Graanland. data fro« Kap Tobin 
war« used. 
Ocean water (salinity 3S°/oo) contains 0,41 9 Ca l"1 (Go 71). The calcium content (or other sa l in i t i e s (S) stay 
be obtained MI C«g • S * \ \ 9 1 » the calcluM content« were used for the estimation of pCl Sr (9 CaJ y 
per mCi Sr km" , a quantity useful in food chain comparisons. 
Table C.2.2.1.a. Prediction models for Sr in cereal grain (unit for radioecologleal sensitivity* 
p C i " s r k g r V " p « r mCl 9 0 Sr km"2) 
No. Sample Area Period 9 0 8 r - a c t i v i t y , pCi *9°jJ) » e n a i t l v l t y 
1 « • Jutland 1939-7« » M 1 Q u l . J t a | 9 ) * a . » 1 . 1 ( 1 ) * 0 . 2 X A 1 . 1 , l w 
a - " - - " " - " " * 0 d i ( j m - A u g ) * * ' l A l - l ( l ) 
4 Barley - • - - - - M * 1 W ^ B | , * 1 . J « 1 . 1 ( H * 0 - , » 1 - H M ) 
5
 " " " " " " " " "
 , 2 d i ( J u l - A u g ) * ° ' 5 S * l - l ( 1 0 ) 
• Wheat - - - - - - « M 1 , J u l - A u 9 ) * 0 . 6 7 V l ( 1 0 ) * 0 . 0 0 7 « A 1 _ 1 < 2 , ) 
* - • - - - - - • - • • * 1 ( J u a _ A u g ) * o . « i * 1 „ 1 ( 1 0 , 
12 Oats - " - 5 7 d i (Jul-Aug) *°* 7 4 A 1 - 1 (20) 
31 
2« 
34 
2« 
2i 
2« 
43 
0.99M»»* 
O.ttlO**« 
0.994S*** 
0.9940«** 
0.991«*»« 
0.9»1«»»« 
0.9924*** 
Table c . 2 . 2 . 1 . b . Prediction models for *°Sr in cereal grain (unit for radloecologloal a e n a l t l v l t y i 
pCi , 0 S r kg_ 1y per mCi , 0 S r ku"2) 
No. Sample Area Period , 0 S r - a c t i v i t y , pel kg^Jj S e n s i t i v i t y r 
3 aye i s lands 1959-7» Mdj
 ( J u i . A u a > * 0 . 0 « 7 A W ( 2 | ) 
« Barley - • - - - - » 3 « 1 W a l - J t e t , * 0 . a » 1 . 1 C M ) * 0 . 0 a e * 4 . I < M , 
7 - • - - • - - - - *3* 1 ( ju i -Aug)+° ' 2 7 A i - l (14 ) 
10 Hheat - • - - « - » « 1 ( J ( l l . A u a ) * 0 . 4 3 A i . 1 ( 7 ) * 0 . 0 4 « A 1 . l ( a i ) 
1 1
 - " ' " ' * ' - " * *
7
*i<Jul-Aug>* 0-« 7*i- l<s) 
13 Oat. - - - - - - * M i W m . » J I | , * 0 . « » 1 . i , a i ) 
24 
11 
11 
20 
19 
30 
0.9797«*« 
0.9909»*» 
0.9909»*» 
0 . 9 I 7 S « " 
0.9f7««»« 
0.9I07««« 
The radioecological aanaitlvlty ef grain In Jutland waa 1.44*0,11 (1ID) timet that in th« la lands. 
Tabla c.a.a.a.a. »radiation aodala for , 0*r In earaal train (unit (or radloeoalefieal 
aaneitivityi pCi *°ir <« Ca>"*y pax mCi *°tr «•>" 8) 
No. tajeple Araa Period '°ir-activity, pCl (f €»)".[ ( i ) fenaltlvity 
1 
3 
4 
9 
• 
t 
ia 
13 
•ye 
. • . 
Bar lay 
«• • «• 
Mhaat 
- • . 
Oata 
_ • — 
Jut] 
-a 1 
•a " 
- ' 
- ' 
•a 
Land 
• *• 
• -
' -
' •» 
* «B 
XM»~7 
- • • 
m • m 
« • «• 
• • i 
« • *• 
' m • *> 
• " -
" » - ' * "
l
^ < J « l H * . > n ' * * i - l U > * 0 ' 7 , * i - l < 3 . > 
2
"* iWui -*» i )* 0 ' , 7 * i - i (aw 
l M
*i<Jul-A»if)M* ,*i- i<i)* 0 ,* ,*t-i( i*> 
X , 4 4 i (Jul-JMf) **' , 7 * i - l (4) 
l M 4 i (Jui - jkut>* a '* , *i - i<j>* 0 , , , *i - i (» i ) 
l i 4
* i Wui-Auf >*a' X4*i-1 (I) 
7 4
* i ( j « i - A « f ) * 0 ' , * * i - i ( a i ) * ° ' M , * i - n a « 
7
** i j jm-Mn)* 0 , ' ** i -na i ) 
17 
• I 
»1 
I I 
•3 
•1 
4« 
44 
0 . • • < • • • • 
0,tt44»«« 
4.44J4«" 
0.t»37«»« 
0 . • • • » • • • 
0 . • • • • • • * 
B.»7t7««» 
•.47»7««« 
Tafcla c.a.a.a.h. »radiation «odala for >0tr in earaal train (unit fer redloeoolofieal 
aansltlvltyt pCi *°Sr <i Ca)_1y par «Ci 9 4 lr km"3) 
»»• Area Period • • • - , • r - a c t l v l t y , pCi <t Ca) (i) •enaltlvlty 
9 Rye 
• Barley 
7 - • -
10 MtMt 
11 - " -
14 Oata 
19 - " -
Island* l»9»-74 » ' • * l W u l . M l f | * " . M * 1 . 1 J | | ) 
" " " •
M i t J u i - * « n ) * 0 , , 0 * i - i ( 4 ) * 0 ' 0 M * l - i ( a i > 
" " * •
M i | J y l - * n > * l « 0 l * . - l < 4 > 
- « - » • ^ < j u l . A » f ) * » ' » « A i - i < i l > * 0 < M I \ - i < a i > 
- " • " M t i j . i . M i . 4 1 ' * 0 * ! - ! « ! ! ) 
" " *
 w
*i(jui-»m)*0'«wi-i<ai)*0,omi.i(aw 
" " '
 S M4«j»i-jnn>** , S X A i- i(ai) 
44 
14 
at 
94 
4* 
aa 
aa 
• , t t«7*»« 
4.t»17««« 
•.••17«»« 
Ø.tiTl««« 
B.M7l«»» 
0.I797«*« 
4.4 "»»•••• 
- 371 -
• • • • • • • 
• • • • • • • 
> 
3 
• o • 
I rt Hl Hl Hl Hl Hl 
< -H -•* <H Hi H> H 
? J U J J J 
• «• •» « • •» Si 
tø 
•H > 
Hl 
*» 
S 
I 
• • • 4 • • • f IIIII 1 
• l l l l l l 
X X X X X X >» 
HV Hl Hl Hl Hl Hl Hl 
» 9 9 9 9 9 9 
n m m m HP 3 3 
S 
! 
I 
m 
* • 
? 
•* •«» 
• H 
Hf 
H fa 
s 
i 
i 
i 
i i i iii 
£ ? s ? s s ; 5 
- • • . -
• « * * " • « . * * H I «~ *>» 
2 * • 7 • I I Hl Hl 
<C « « > < H H i H i t | 
*» «C - < * * -H • * 
! 1111 i 11 
X X X X X >> I I 
H I H I H I H I H I H I X X 
S S S 9 9 9 S S 
• » » » • * » » ' » » » » » 
w
 V ~ w . . ~~ , , • , 
H < H H < H H « 4 ' » ' ' — 
« « « « « « H i « « 
r « n M i A r - r » - v v 
f • • i • i i 
* • 
I 
l l l t i > 
i i i i • • l 
! * • • » • I 
• • g « • • 3 « 
Table C . 2 . 2 . 4 . Predict ion modalt for 1 3 7Cs in cereal araln (unit for radleeeoloe lca l 
s e n s i t i v ! ty i 
No. Sample 
1 Ry« 
y « ** •• 
1 m m m 
4 B«rley 
c » * •» 
« Wheat 
7 • * • 
S Oata 
• « • * « • 
pCi l 3 7 C s 
Ar«« 
Jutland 
Islands 
Jutland 
lalands 
Jutland 
Islands 
Jutland 
Islands 
*9~ ly P«* 
Period 
1942-7« 
-
-
-
-
-
-
-
N
 — 
«
 m 
M ^ 
m „ 
n
 w 
N
 — 
M _ 
mCi 1 , 7 C s km'2) 
1 3 7 C s - a c t i v i t y , 
7 4 d i(May-Aua)*' 
•
M i (Nay-Aue) 
'•°i(May-Aua) 
'
M i (May-Aue) 
S a , S 4 i (M«y-Auf) 
•
3 , s - i (May-Au«> 
< M i (May-Aua) 
S M i (May-Aua) 
4 M i (May-Aug) 
pCi k« 
"i-1 
-1 
(1) S e n s i t i v i t y 
4« 
4? 
43 
14 
21 
14 
24 
21 
2« 
r 
O.I*4«»" 
0 .9910«" 
0 . • » ! ! • • • 
0.9810»»« 
0.994i»»* 
0 .99S1«" 
0.991l«»» 
The radloecological s e n s i t i v i t y of qraln in Jutland was 1.21*0.IS (ISO) times that In 
the i s l a n d s . 
Table C . 2 . 2 . 5 . Predict ion models (or Cs in cereal grain (unit (or red loeco loe lea l 
s e n a i t i v i t y i pel 1 3 7 Cs (« K)~ly per mCl 1 3 7Ce km"3) 
Mo. Sample Area Period l 3 7 c s - a c t i v l t y , pCi (a K)~^ S e n s i t i v i t y r 
Rye Jutland 1962-7« *° 'WJ ( , U v . . A u a ) *0 .»5dJ , . l 
" ° 1 (May-Auo) 
- - - i s lands - • - " ." i (May-Aug) 
Berley Jutland - • - l 5 . « i ( M , v _ A u „ 
- - - i s l a n d . - - - 1 2 . 0 d i < M , y . A u g ) 
Wheat Jutland - - - l « . 5 d i ( M , y . A u g ) 
- - - i s l a n d . - - - U . 9 d 1 ( M , y . A t t g ) 
Oat. Jutland - • - l « . ° d i ( M , y _ A u a ) 
- - - i s l a n d . - - - 13 .0d ' ( U 9 ) 
12.0 
11.S 
9.3 
a. 3 
6.S 
10.0 
7.0 
7.« 
7.0 
0,»97t»»* 
0.9959«** 
P.99«7*«» 
o.9a»a«*» 
0.9862«** 
0.9722««* 
0.9894«*« 
0 .9B41*" 
o.9aaa»*» 
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Table C»2«2.6«a, Predict ion models for * Cs in cereal grain (unit for radioecologlca l 
s e n s i t i v i t y : 
No . Sample 
1 Rye 
2 
3 B a r l e y 
4 Wheat 
S Oats 
pCi 1 3 7 C s 
Area 
Denmark 
«•
 m
 * 
_
 m
 w> 
•» * » 
«. • — 
k g - 1 y p e r mCi 1 3 7 C a km"*) 
P e r i o d 
1962-76 
— * « t 
— • ™ 
• • — 
• — * — 
1 3 7 C s - a c t i v i t y , pCi kg~J, 
7 9 d i < N . y - A u , ) + 5 - 0 d i - l 
8 5 d i (May-Aug) 
5 9 d i (May-Aug) 
5 2 d i (May-Aug) 
5 0 d i (May-Aug) 
S e n s i t i v i t y 
47 
46 
32 
28 
27 
r 
0 .9991««* 
0 .9957*** 
0 .9957«*« 
0 .9857*** 
0 . 9 9 5 2 * * * 
Table C»2.2 .6 .b . Predict ion models for Cs in cereal grain (unit for radioecologlca l 
s e n s i t i v i t y « pCi 1 3 7Cs (g K ) " ^ per mCi 1 3 7 Cs km"2) 
Mo. Sample Area P e r i o d 1 3 7 C s - a c t i v l t y , pCi (g K> ~J} S e n s i t i v i t y 
6 
7 
8 
9 
10 
Rye 
— • _ 
B a r l e y 
Wheat 
Oats 
Denmark 1962-76 l » - 5 « J i ( I U y . . M l 9 ) * 0 . « M i _ i 
- - - - - - 20.6d 1 (Hay-Aug) 
1 4 , l d i (May-Aug) 
1 5 , 0 d i (May-Aug) 
1 3 , S d i(May-Aug) 
1 1 . 4 
1 1 . 1 
7 . 6 
8 . 1 
7 . 3 
0 .99»1*»* 
0 . 9 9 7 2 * * * 
0 . 9 9 0 3 « * * 
0 .9777**« 
0 . 9 8 8 4 * * * 
Tabl« c .a .a .7 . »Mtletion «eeela for um la o«r«al train (unit fer re«llo««elofl«al 
•wMlUvltyi pci Um Hf"*y »er nci S4K» tm"2 m)) 
No. Saap>le AM« »erlei 94MR-activity, pCl ki't\ U) • • M l t l v l t y 
1 
a 
i 
4 
S 
• 
7 
m • « 
•arlvy 
MM«t 
- • -
0«t« 
« • m 
-
-
•* ' 
1 
' «• 
' -
• 1 
t «1 
, 
_ • _ 
• " • 
- • • 
w • « 
. • . 
« • -
1M3-M «M 
374 
1 (MayAu«) 
(•••U-D-AttfU)) 
* * * i (May-Ait«) 
) M (•«f(l-l)-Au«U)) 
il
*l (May-Ave;) 
1M?M|>fl«l)-A«|<l)> 
i44l IfHy-AUf» 
, M i t « f ( t - i ) - A « f < . n 
IJ 
17 
I I 
I I 
aa 
la 
at 
aa 
0 . M I 7 
«.M73* 
• . M l « 
. Ø.MI7* 
• . M M « 
• . M l « 
«.M7a« 
• . M M 
a) * * • %*m fa l lent M M W M t i a a u d »re« «*• '*wt air l«v«l« M U W I « a« Ma« , aa««***« 
« weaken« faete* ef « . M eCi l " 1 per fe i a f ' U . l . l ) , an« ueln« Mi« M « N aaeviiu «f 
• recle i tet len eaaerve« a« «to etat« aaaerlawMal faaea wher« «M « M M M M M 1 1 M « « 4 . 
90 
Table C.2.3.1.a. Prediction models for 'uSr in bread and grits (unit for radioecological sensitivity* 
90 _1 9 0 - 2 
pCi ,uSr kg xy per mci uSr km *) 
No. Sample Area Period 90, Sr-activity, pCi kg -1 
(i) Sensit ivity 
1 Rye bread, 
dark 
2 White bread 
3 - " -
6 Rye bread, 
l i g h t 
7 White bread 
10 Oat g r i t s 
Denmark o) 1962-76 • M W ( J u X _ A u B ) * 0 . 1 9 A i _ ? ( a S ) 
7
-
l d i - l ( J u l - A u g ) + 0 - 2 3 d i - 2 + 0 ' 3 6 A i - 3 ( l ) + 0 - 0 S 6 A i - 3 ( 2 8 ) 
" " ~
 7
-
0 d i - l ( J u l - A u g ) + 0 - 2 9 d i - 2 + 0 ' 1 9 A i - 3 ( 5 ) 
1964-75 6 .4d i _ 1 +0 .22d 1 _ 2 +0 .18A 1 _ 3 ( 2 8 ) 
- " - - " - 0 .66d i _ 1 +0 .25d i _ 2 +0 .C68A 1 _ 3 ( 2 8 ) 
Denmark 1960-72x ) 1 1 . 6 - ^
 < J u l . A u g ) •0 .29A 1 _ 2 ( 2 8 ) 
Faroes P) 
23 
5 . 0 
3 . 2 
14"» 
3.6«" 
1 4 . 3 
0 . 9 8 9 9 » » * 
0 . 9 8 7 8 * « * 
0 . 9 6 6 5 « » » 
0 . 9 8 8 7 » » « 
0 . 9 0 2 3 * " 
0 . 9 5 1 7 » » » 
o) The Danish bread samples were collected in the 8 sones in June. 
p) The Faroese bread was sampled in Thorshavn in June and December. 
q) The sensitivities calculated for Faroese bread were based on Danish fallout data, because the flour was 
imported, 
x) Except 1961, 1962 and 1967-1969. 
Table C.2.3.1.b. Prediction models for 137Cs in bread and grits (unit for radioecological 
sensitivity: pCi 137Cs kg_1y per mci 137Cs km"2) 
No. Sample Area Period 1 3 7 C s - a c t i v i t y , pCi kg"jj, S e n s i t i v i t y 
4 Rye bread, dark D«mmarko) 1964-75 31dJ«.x+3.3d , 1_a+3.4dJ..3 
5 White bread - " -
8 Rye bread, light Faroesp) 
9 White bread - • -
11 Oat grits Denmark 
1964-75 
1963-72 ,*) 
7.1d1_1+3.1dJ_2 
23d'_1*0.58d1_2*0.43di_3 
5.5dJ_x+3.0d{_2 
24di-l(May-Aug> 
38 
10 
24q) 
8. s*1 
13 
0.9985*** 
0.9913*** 
0.9922*** 
0.9639*** 
0.8968*" 
o) The Danish bread samples were collected in the 8 sones in June. 
p) The Faroese bread was sampled in Thorshavn in June and December. 
q) The sensitivities calculated for Faroese bread were based on Danish fallout data, because the 
flour was imported, 
x) Except 1961, 1962 and 1967-1969. 
90 
Table C.2.4.1. Prediction models for Sr in grass (unit for radioecological sensitivity! 
4n -i «n -2 pCi "uSr (g Ca) *y per inCi "uSr tan *) 
No. Sampling season Area Period 
9 0 S r - a c t i v i t y , pCi (g Ca)"jjj S e n s i t i v i t y 
1 Whole year Zealand 
3 Sumner 
ha l f -year Denmark 
4 
5 
6 
7 
Faroes 
1960-76 2 9 d 1 + 1 3 d 1 _ 1 + « . 3 A 1 _ 2 ( 1 ) + 0 . 2 1 A 1 _ 2 ( 2 8 ) 
- " - 29d 1 +12.5d 1 _ 1 +5.9A i _ 2 ( 1 ) 
1962-70 28d 1 +2 .9A i _ 1 ( 1 ) 
1962-75 1 6 9 d l p + 0 . 1 2 d 1 _ 1 | , + 1 0 . 7 A i . 2 a ) F + 1 . 3 6 A i _ 2 ( 2 8 , F 
West Greenland 1962-73**l l ld ,„+9.9d 4 
1 6 7 d 1 F * 1 . 2 5 d 1 . 1 F * 5 . 7 A 1 . 2 ( 4 ) F 
"iG * i - lG* 1 5 A i - 2 (14) G+0' 7 8 A i - 2 C28) G 
l l l d l G + 9 - 7 a i - l G + 1 6 * l - 2 ( 1 4 ) G 
ss 
47 
31 
234 
194 
44« 
436 
0.9910*** 
0.9910*** 
0.9316*** 
0.9734*** 
0.9745*** 
0.5969* 
0.5970* 
a) Except 1971. 
- 1 The rad ioeco log ica l s e n s i t i v i t y per kg fresh weight was estimated from the Danish ca concentration in fresh 
g r a s s , i . e . 1.24 g Ca kg~ , assuming fresh grass in the Faroes and Greenland to have the same Ca-concentra-
t i o n . 
Table C.2.4.2.a. Prediction models for Cs in summer grass (unit for radioecological 
sensitivity: pCi "'cs (g K) xy per mCi 1J/Cs km *) 
No. Sampling season Area Period 137Cs-activity, pCi (g W ^ j Sensitivity 
1 
2 
3 
4 
5 
6 
Summer hal f -year Denmark 
Faroes 
1964-70 
1964-75 
W.Greenland 1964-73 o) 
3.25d^+0.033d^_1+0.042Aj_j ( 3 0 ) 
3.24d<'+0.043A i - l ( 3 0 ) 
64A 
87d 
75A 
82d 
i< l )F 
I F 
K l ) G 
I 
iG 
S . l 
5 . 1 
64 
87 
75 
82 
0.969 3*** 
0.9693*** 
0.8279**« 
0.9510*** 
0.4547 
0.3329 
o) Except 1971. 
Table C . 2 . 4 . 2 . b . Prediction models for Cs in summer grass (unit for radioecologica l 
s e n s i t i v i t y : pCi " ' c s kg x y per mCi i J ' c s km *) 
No. Sampling season Area Period 1 3 7 C s - a c t i v i t y , pCi kg"?J} Sensitivity 
7 Summer half-year Denmark 1964-70 16dj*0.70A|_1(2)+0'23*i_i(30) 2 7 0.9906*** 
8 - " - _ « _ - - - 16dJ+0.26d^_1+0.62Aj_2(5) 20 0.9905*** 
Danish grass was available as fresh samples, and prediction models were therefore also cal-
culated per kg fresh weight. 
-1 The radioecologlcal sensitivity per kg fresh weight for Faroese and Greenlandlc grass was 
estimated from the K-concentrations in grass (D.2.4.1), and under the assumption that fresh 
grass in Greenland and the Faroes contained 1.24 g Ca kg fresh weight, i.e. the avne con-
centration as Danish grass. 
Table C.2.4.3. Prediction models for 90„ Sr in various fodder crops (unit for radioacologlcal 
s e n s i t i v i t y : pCi , u S r kg xy per mCi Sr km *) 
No. Sample Area Period 9 0 S r - a c t i v i t y , pCi kg'jjj S e n s i t i v i t y 
1 Roots Denmark 19S9-74 1. 53d i +0.45d i _ 1 +0.62A i _ 2 , 1 1 ) +0.059A 1 _ 2 ( 2 8 . 
2 - " -
3 Leaves 
4 Straw 
5 - • -
- " - 1 .53d i +0.45d i _ 1 +0.67A i _ 2 ( 1 2 ) 
1962-74 13 .5d i +0.43d 1 _ 1 +2.4A i _ 2 ( 2 8 ) 
1959-76 6 8 0 d 1 ( J u l _ J t a g ) + 5 . 2 A 1 _ 1 ( 1 ) * a . 9 A 1 _ x ( 2 | ) 
6 8 3 d i ( J u l - A u g ) + 4 ' O A i - l ( 1 3 ) 
13.9 
13.2 
111 
284 
237 
0.7012** 
0.7O13*« 
0.8757*«» 
-
_ 
Roots and leaves were based on samples of swedes and beets. The missing values were estimated by 
VAR .3 by means of data on potatoes and carrots for the roots and of data on kale and cabbage for 
the leaves (RRD 74) . 
In the calculations it was assumed that roots on the average contained 0.4 g Ca, 2 g K and 0.11 kg 
dry matter per kg fresh weight (Br 69), (An 67b), and that leaves contained 2.4 g Ca, 3 g K and 
approx. 0.1 kg dry matter per kg fresh weight (Br 69) , (An 67a) . 
Experimentally it has been shown that the concentration of radiostrontium in straw from direct 
contamination (VI) , (VIII) as well s from indirect contamination (RRD 59-76) is an order of 
Magnitude higher than in grain. Hence the prediction models for straw were identical to those 
for barley grain multiplied by a factor of ten. Straw contained 2.4 g Ca kg fraah weight (Br 69), 
Table C.2.4.4. Prediction models for Cs in various fodder crops (unit for 
radioecological sensitivity« pCi 1 3 7Cs kg-1y per mCi 137Cs ton"2) 
No. Sample Area Period 137Cs-activity, pCJ kg"jj} Sensitivity 
1 
2 
3 
4 
Roots 
Leaves 
Straw 
Denmark 
» " — 
— " — 
_ m
 — 
1963-74 
— " • 
— *• — 
0.78dJ 
».TdJ+O.OSAj^ 
lO.OdJ 
117d' .„ . . i(Hay-Aug) 
0.8 
13 
10 
63 
0.9780«*« 
0.9681«" 
0.9695**« 
-
Cf. remarks to Table C.2.4.3. 
It has been found experimentally that the radiocesium concentration in straw is 
twice that in grain (VI), iVIII), (Aa72b). The prediction model for 137Cs in straw 
was thus estimated as twice the model for barley grain. 
On 
Predict ion models for Sr In vegetables and f r u i t s (unit for radlosco log lca l 
s e n s i t i v i t y : pCi 9 0 S r kg - 1 y per raCi 9 0 S r k»f 2) 
Table C . 2 . 5 . 1 . a . 
No. Sample Area Period 9 0 S r - a c t l v i t y , pCl kg"jjj S e n s i t l / l t y 
1 
2 
3 
4 
5 
6 
7 
Cabbage Jutland 1961-75 0.27d i+0.66d1_1+0.114A1_j ( i ) + 0 " 1 7 A i _ 2 ( 2 8) 
Carrot 
Islands 
— <• _ 
Jutland 
Islands 
0.24d1+0.72d1_ 
O.Sed^O.Oldj. 
o.sedj+o.oad^ 
O.iedj+l .OSdj. 
0.34d1*0.3lA1_ 
.•»• " * i . 2 (28) 
•
0
-
0 8 A i - 2 (3 ) + 0 - 1 8 * i -2 (28> 
+0.23A 
+0.29A 
1-2(17) 
1-2(28) 
JOJ+0.016AJ. 
.(28) 
0, SSd^O.OOld^+O.SlA^
 ( 1 0 ) 
7 .8 
8 . 1 
8 . 0 
6 . 1 
12.8 
4 . 9 
4 . 9 
0.8665**« 
0.B819««* 
0.816S»»« 
0.8061*** 
0.8057««* 
0.5282« 
0.5f7J» 
on 
Table C.2.5.1.b. Prediction models for Sr In vegetables and fruits (unit for radloecologleal 
_. 9o_ . -i _. 90. . -2. sensltlvityi pCl 9 0Sr kg~ay per mCl 90Sr I««" ) 
No. Sample Area Period 90Sr-*ctlvlty, pel k9^J, Sensitivity 
8 Potato Jutland 1959-75 0.13d1+0.077di_1-f0.05A1_J U )+0.054A 1_ 2 ( 2 8 ) 
9 
10 
11 
12 
13 
0. Udj+0. iOd^+0.05«A1_2 ( 2 g ) 
Islands 
Faroes 
0.16di+0.073d1_1+0.061A1_2(28) 
1 P^-5'd 1. l r +0.27A 1. 2 ( l ) F+0.058A i. 2 ( 2 8 ) r J962-76 0.09djyM).59d 
- " - 0.034d,_+0.71d 
"IF 1_ l p+0.097A 1_ 2 ( U ) F 
Apple Denmark 1959-76 l.lld1+0.0072A1_1 ( 3 8 ) 
2 . 4 
2 . 5 
2 . 7 
3 . ) 
2 . 2 
1 .4 
O.S383««« 
0.8301*«* 
0.966J*»» 
0.85»«»»* 
0.8186»»» 
0.8692*»» 
The fallout-weighted (cf. Table C.3.2.1) mean sensitivities for Denmark became* 7.6 for cabbage, 9.3 for 
carrots and 2.6 for potatoes. Faroese potatoes showed a mean sensitivity of 2.8. 
Table C.2.5.2.a. Prediction models for 
pCl 90Sr (g Ca)_1y per mCi 90Sr km"2> 
90, Sr in vegetables (unit for radloeoologlcal sensitivity* 
No. Sample Area Period 
9 0 S r - a c t i v l t y , pCi (g Ca)~J. S e n s i t i v i t y 
1 Cabbage Jutland 1961-75 0.63dj+l . 3 7 * ^ + 0 . 3 ' * i _ 2 ( 2 8 ) 
2 - - - Islands - • • 0.B6dx+0.23d1_1+0.25At_a (x) +0. 36At_2 (28J 
Carrot Jutland - * -
Islands 
0.e2d1*0.36d1_1*0.37A1-2(28) 
l.«4d1*1.91Ai.1(1)>0.95A1.1(28> 
o.eodj+3.2*^^+0.95A1_1(28) 
1
-
1Mi*1-18Ai-i<7)+0-001*i-i«2e) 
1.85dJ+0.033d1_j*1.13A1_3(,7) 
17.6 
15.B 
16.0. 
41 
42 
12.6 
12.7 
0.781«*** 
0.7524*** 
0.7426*** 
0.7623*** 
0.8001*** 
0.5665« 
0.6060* 
90, Table C.2.5.2.b. Prediction models Cor Sr in vegetables and fruits (unit for radloecolegical 
sensitivity: pel 90Sr (g Ca)_1y per mCi 90Sr km"2) 
No. Sample Area Period 9 0 S r - a c t i v l t y , pe l (g Ca)~Jj S e n s i t i v i t y 
8 
9 
10 
11 
12 
13 
Potato Jutland 1959-75 2.6d1+2.3A1_1 ( 1 ) + 1 . 2 2 A 1 _ 1 ( 2 8 ) 
Apple 
Islands 
- * - 1 . 8 d 1 + 3 . 9 * ^ + 1 . 2 3 A i _ 1 ( 2 8 ) 
- - - 1 .6d 1 +1 .7d 1 _ 1 +1 .15A 1 . 2 ( 2 8 ) 
Faroes 1962-76 5.8d 1 F+17.8d i_ l p+2.6A±_ 2 ( 2 1 ) P + 0 « 0 6 2 A 1 _ 2 ( 2 8 ) F 
Denmark 1959-76 21d i +0.14A 1 _ 1 ( 2 8 ) 
54 
55 
49 
105 
100 
27 
0.5991** 
0.6597** 
0.5500* 
0.7667*** 
0.7667*** 
0.9132*** 
The fa l lout-weighted (cf. Table C.3.2.1) mean s e n s i t i v i t i e s for Denmark becamet 16,9 for cabbage« 
29 for carrots and 52 for potatoes . Faroese potatoes shewed a mean s e n s i t i v i t y of 102. 
Table C . a . 5 . 3 . Prediction models for Cs in vegetable« and f r u i t s (unit for radioecologlca l 
s e n s i t i v i t y « pci l 3 7 C s kg _ 1y per mCi 1 3 7 Cs km"*2) 
No. Sample Area Period 1 3 7 C s - a c t i v i t y , pCl kg"*) Sensitivity 
1 . 3 
1 . 3 
1 . « 
1 .7 
4 . 9 
3 . 5 
3 . 3 
99 
29 
3 . 9 
4 . 1 
r 
0.9009*** 
0.9010*** 
0.9856*** 
0.9857*** 
0.9900*** 
0.9904*** 
0.9585*** 
0.5622* 
0.5433* 
0.9902*** 
0.9902*** 
1 
2 
3 
4 
5 
6 
7 
8 
« 
10 
11 
Cabbage Denmark 1963-75 0.81d|+0.044A|_1 ( 7 )+0.C01SA^_1 (30) 
Carrot 
- " - 0.81dj*0.043AJ_1(g) 
- " - 1.53d;*0.Olid' .+0.052AJ i-1' 
1.49dJ+0.093Aj_1{2) 
*l-2(3) 
Potato 
—
 « 3.3d'+0.036Ai.l(30) Jutland 
— * em 
- • - Islands 
- " - Faroes 
- • " - " - - " "
 1
'
2MiF+0-Wdi-lF'-<-9*i-2(4>F 
Apple Denmark 1964-76 2.0dJ+1.13d{_1+0.82A{_2(1) 
- " - ~ " ~ " • - 2 . 3 d i * 1 . 8 A ' _ a ( 1 ) 
- • - 3.5d{ 
- " - 3.3dJ 
1963-76 1.67d^F+0.58d^_ lr+4.9A 1-2 (2) F * 1 , 0 4 * ! ^ (30) F 
The fa l lout-weighted (cf. Table C.3.2.1) mean s e n s i t i v i t i e s for Denmark becamei 1.3 for cabbage, 
1.8 for carrots and 3.8 for potatoes . Faroes« potatoes showed a mean s e n s i t i v i t y of 44. 
137 Table C.2.5.4. Prediction models for 
~ 117 —1 137 —2 
s e n s i t i v i t y ! pCi X J , Cs (g K) *y per mCi * J , Cs km ' ) 
CB in vegetable* and f r u i t s (unit for radioeeologica l 
No. Sample Area Period 1 3 7 C s - a c t i v i t y , pCi (g K>"j[) S e n s i t i v i t y 
Cabbage Denmark 1963-75 0.32dJ*0.031Aj_1 ( 4 )+O.Opi2Aj_1 < 3 0 ) 
- " - - - - - - - o .32dJ>o.028Aj_ 1 ( 5 ) 
Carrot - - - - » - 0.63d^+0.021d|_1+0.036A^_2 { 2 ) 
- " - - " - - » - 0.61d^0.113Aj_1(1) 
Potato Jutland - " - 0.94dJ+0.004A[_l(30) 
- " - - " - - " - 0.96dJ 
- " - Is lands - - - 0.94dJ 
- • - Faroes 1963-76 0.013d'F+0. 18dJ_1F*2, 2AJ_2 ( J ) F*0.22A{_2 ( 3 0 ) p 
- - - - « - 0 . 0 2 2 d i F * 0 . 9 2 A i . i a o ) F 
10 Apple Denmark 1963-76 4.7dJ 
O.iJ 
0.S1 
0.75 
0.72 
1.11 
0.96 
0.94 
14.9 
12. t 
4 . 7 
0.193 
0.99 3 
0.992 
0.913 
0.9S4 
0.915 
0.957 
0.625 
0.567 
0.980 
The fa l lout-weighted (cf. Table C, 3 .2 .1) mean aena i t i v i t l ea . for Denmark became i 0.52 for cabbage, 
0.74 for carrota and 0.99 for potatoes . Faroese potatoes showed a maan s e n s i t i v i t y of 13.9. 
Tab la C.2.5.5.a. Prediction models fox irregularly colloctod Danish vegetables and fxulta (unit fox 
radioecological sensit ivity! pCi 90Sr kg_1y par mCl 90Sr km-2) 
No. Sampl« Area Faxlod 9 0 S r - a c t i v i t y , pCl kg"*) Sana l t iv l ty 
1 
2 
3 
4 
S 
Kai« 
B«an 
P«a 
Onion 
Strawberry 
Denmark 
« ** « 
_ •
 — 
w * — 
« " — 
1960-76°' 
1960-72*' 
1964-73q) 
1960-74** 
1960-71-) 
3 . 2 ^ + 4 . 6 , 1 ^
 1 * O . « 2 A 1 . j ( X 0 ( * O . 0 « M l . 2 ( 2 t ) 
1 .23d i +0 .49A 4 . 1 ( 2 1 ) 
0.40d 1 *0.12d t _ l *0.26A 1 _ 2 < j j 
0 .23d i *0 .45d 1 _ 1 *0 .29A t _ 2 ( 2 > ) 
1 . 4 d 1 * 0 . 1 2 d 1 _ 1 + 0 . 1 « A 1 . 2 ( 1 ) + 0 . 2 2 A 1 . 2 ( 2 8 ) 
23 
21 
2.3 
12.3 
10.6 
0.9359««« 
0.7879« 
0.7720« 
0.5435* 
0.I723*** 
o) Bxeapt 1961. 1969-1975. 
p) Bxcept 1961, 1965, 1967, 1969-1971. 
q) Except 196«, 1969, 1972. 
X) Bxeapt 1962, 1963. 
a) Bxeapt 1961, 1963. 1467-1969. 
Table c .2 .5 .3 .b . Prediction models fox Ixxagulaxly collactad Danish vegetables and fruits (unit fox 
radiobiological senaitivlty« pCi 137Ca kg-1y pax *C1 137Ca km'*) 
No. Sampl« Ara* Parlod 1 3 7 C a - a e t l v i t y , pCi kg"^ S e n s i t i v i t y 
6 Kala 
7 Bean 
• P«a 
9 Onion 
10 Strawbaxxy 
Denmark 1963-76 o) 
- 7 3 « 1964-72 
1963-74 
1963-74 
1963-71 
u) 
v) 
6.5dJ•!.05dJ_j+0.3«dJ_j 
2.2d^*0.062Aj[_1(1) 
1 . 4 M j * 0 . 6 7 d | . x 
0.07dJ*0,144Aj_1 ( 4 > 
2.6d' 
7.9 
2.3 
2.4 
0.6 
2.6 
0.9660««« 
0.9730« 
0.9766««« 
0.6126* 
0.9162«* 
o) Bxceo 1961. 1969-1975. 
t ) Bxeapt 1963-1965, 1967, 1969-1971. 
u) Bxeapt 1967, 196«, 1971, 1972. 
v) Bxeapt 1967-1969. 
Tabla C.2.6.1. Prediction »»dals (or Sr and 137Ca in H.Greenland lichen (unit (or radloeoolooloal 
aanaltlvityi nCi *°Sr kg"1/ par »Ci , 0 Sr k»"2 and nCl 137Ca kg"*y par mCl 137Ca km'2) 
No. Sample Area Period Equation Sensitivity 
1 Lichen W.Greenlanu 19(2-75 nCl 90Sr kfllJj^O.lOdig+O.^OA^jjJ)c 1.« 0.2««2 
nCl l37Ca *9<u)"0.72dJ6+0.i«di_lo*0.37A{_j(30)G 17.« 0.77J3" 
»0, Table C.2.7.1. Prediction Models (or Sr In sea plants (unit (or radloaeologloal sensltlvltyi 
pCl 90Sx <9 Ca)"*y par »CI ,08r tea"2) 
No. Sample Area Period *°Sr-actlvlty, pel (« C») "JJj leneltlvlty 
1 Sostara 
iMurina Zealand 1959-75 0.17d1+0.92d1.1+0.J4A1_a ( 1 )>0.0«5A1_2 ( J | ) 
3 rucua 
vealculoaua - - - 1959-75 a) 
0.13d1*1.03d1-1-»0.11A1.a (7) 
0.013d1>0.45d1_1*1.72A1.2(i)*°-2»*i.j(2|) 
4 - • - - • - _ » _ 0.035d1*0.«SA1.1(|) 
5 Fucua and 
Lamlnarla Faroes 19(2-7« 0,04*dir*0,07Mi-lr'*0,37Al-2(l)r*0,02,*l-2<2«)r l'*1 
« - " - - " - - " - 0.097dlr*0.009d1.lr*0.«0A1-a(1)f 
7 - " - W.Greenland 19«2-7«b> 0.73dic*0.073d1.1G*0.12A1.2(a|)o 
1.2 
2.2 
11.« 
7.« 
l . « l 
• .71 
S.« 
0.9322»»* 
o.91M»»« 
0.9I21«** 
0.«42«**< 
0.7»«0«»» 
0.73SS«« 
e.siii* 
a) Except 19C« and 19C9. 
b) Except 196«-69. 
•w BC1 
C . 3 . 3 . 1 . Predict ion nodal« for *° tr In Danish Milk (unit for radloeeo lof lea l • e n e l t l v l t y i 
°Sr (9 C«) - 1y par MCI , 0 » r kM_J) 
no . Saniplo Ara« Period »0 S r - a e t l v l t y , pCl (« C«) -1 (1) feneltlvlty 
1 
2 
3 
4 
S 
6 
7 
• 
Drlad milk 
«, • • 
«* • *a 
•M " * • 
Fresh » i l k 
«• * * 
« * «• 
* " <•> 
Jutland 
«• • «• 
lalanda 
* • — 
Jutland 
« • ** * 
Island« 
•M " a« 
ma-74 
-
-
«• 
-
-
-
-
• * 
* m 
• . 
• . 
• « 
« . 
«
 — 
l . S S d ^ O . J f d j . j 
i.sodj^o.sadj.j 
1.30d 1 «0.29d 1 . 1 
1.30d 1*0.a«d i_ 1 
1.2ad1*0.33d1_1 
i.aa«1*o.ssd1_I 
i.o2di«o.a«d1_1 
i.oadi*o.a»d1.I 
•°-
a4
*i-a(a)*0-°"*i-a<a«> 
•
0
-
lJ\-a<s>*0'0»\-a<ai> 
•°-
1 4 A i-a(5)+ 0 '0 i»\-a«ai) 
•°'"\-a<«> 
•
0
-
m i -a<»>*0-o m i -a<ai> 
•°'"*i-a<4> 
4. 44 
1.11 
3.an 
a.*é 
1.4« 
1.04 
1.14 
a.4i 
0 
0 
0 
0 
0 
0 
0 
0 
,»t7t»»« 
,tt74«»» 
•t77»»» 
,t»7i»»» 
Mll«»». 
,t»li»»« 
, ! ••«••• 
, l t l l " » 
If tha »aan deposit ion for Danmark 1« 1 mCl *°Sr km"3, th« dapoaltlon In Jutland 1« 1.111 MCI ' ° i r km"1 
and In tha Xalanda 0.1*7 mci , 0»r km" . Tha tranafar faetora for tha antlra oountry than became1 
* n W H i M * M » j 9tWia.iQ«a.34) . , 4 pcj, «o8l (g c a ) - i pmf mCi »o,r ,^-a | - r „ r t . 4 m i l h „ d 
».1 for fraah Milk. Tha drlad Milk fleures vara a 12-month moan (Milk yaar), whlla tha freah milk value 
waa baaad on tha mean of Juno and December only. 
Table c . 3 . 2 . 2 . Pradiction andels for 1 3 7 c s in Danish Milk (unit for radioeoolof lca l • • n s i t i v l t y i 
pCi l 3 7 C s (g X ) - 1 y par MCI X 3 7 ca km"2) 
No. Sample Area »arlod l 3 7 C a - a c t i v i t y , pCi (a K)*Jj S e n s i t i v i t y 
1 Dried Milk Jutland 19*3-7« 3.32d{*0.17dJ_1+0.13Aj_2 < 2 )+0.0079Aj. ,2 (jg ) 
3 - " - i s lands - " -
4 — «— — * — — * — 
5 Fresh Milk Jutland - " -
6 _ • _ - • - - « _ 
7 - " - Islands - - -
3.52d^0.ied'.1*0.11Ai_2<J) 
2.21dJ*0.33dJ_1+0.019Aj_2(f)*0.000»A{.,j(,0) 
2,21d«+0.3SdJ_1*0.01«Aj„.2ai) 
2.61dJ*0.S9d{_1*0.13Aj_2<x) 
2.67dJ+0.77dJ_x*0.20d1,_2 
1.75d^0.66d^_1*0.O26A«_2(4)+O.0OO«AJ_2(J0( 
1.7««^+0.6«d^_1-»0.023A^.2(5j 
4.41 
4.17 
2.14 
2.IS 
1.43 
3.44 
2.St 
2. St 
0 . • § • » • • • 
O.lttC««« 
0.9t7«»«» 
0.997«««* 
0. « « • • • 
0 .tt«7«»* 
0.9970*«« 
0.9970«** 
Th« tranafar factors for the antira country ware calculated as ahown in table C.3.2.1, Por dried Milk 
tha radioacological sensitivity became 3.7 and for fresh milk 3.2. 
90 
Table C.3.3.1. Prediction models for Sr in Faroeaa milk (unit for radioacoloaieal ••naitivityi 
PCI ,0Sr (9 C*)~ly par M C I *°Sr km-2) 
No. Sample Area Period 90, S r - a c t l v i t y , pel (9 Ca) (!) S e n s i t i v i t y 
1 Fresh milk Faroes 1962-76 2 « a 7 d i | > + 1 «** d i _x F > 0 « 7 9 * i , . 2 (2 ) f* 0 ' 0 ' 3A 1 . 2 (2S)F 
2 - " - - ' - - " " 2 ' t M i F * 1 * 9 4 d i - l F * 0 ' 7 3 * i - 2 ( 3 ) F 
9.6 
4 
0.99J««** 
0.9932»»* 
Tha fresh Milk was collected every week in Thorahavn« Klaksvig and Tvart. 
Table C . 3 . 3 . 2 . a . Prediction models for 1 3 7Cs in Faroasa milk (unit for radloecologica l aana i t l v i ty t 
pCl X37Ca (g K) _ 1y per mCi 127Ca km"2) 
No. Sampl* Area Period a 3 7 C a - a c t i v i t y , pel <g K)~Jj S e n s i t i v i t y 
1 Freeh milk Thorahavn 1962-70 7 ' 7 9 d i F + 9 ' 6 8 d i - i p + 3 ' « 2 * i _ 2 ( 2 ) F * 0 , 2 3 A i - 2 ( 3 0 ) F 
2 _ » _ _ • - _ « -
3 
4 
5 
6 
Klakavlg 
Tvart 
7 .60dJ p *9 .93dJ_ l p +2.93Aj_ 2 ( 3 ) p 
6 . 2 « d ' p + 4 . 9 4 d i . 1 ^ 2 . 5 0 A i . 2 ( 3 ) r + 0 . 0 2 8 A ' . 2 ( 3 0 ) r 
6.92dJp+4.89dJ_1F+2.59AJ_2(3)F 
9 . 7 4 d i F * l O . 3 d i _ 1 F + 3 . » 8 A £ . 2 ( 2 ) F + O . 9 « A i . 2 ( 3 0 ) r 
9.30dJF+10.9dJ_ l r-*3.54Aj_2 ( 5 ) l r 
35.« 
28.8 
22.0 
21.8 
70. S 
44.0 
0.9763*** 
0.976$*** 
0.9953«** 
0.9953*** 
0.9830*** 
0.9826*** 
I f the 137 —2 
•an deposit ion for the Faroes la 1 roCl Cs km , the deposit ions in Thorshavn, Klaksvig and Tvarå 137 -2 
are 0.67, 1.33 and 0.83 mCi Cs km , reapactivaly (cf. nota to Tabla C 1.4.1.b). Tha radloacologlcal 
••naitivity for pel 1 3 7Ca (g K)'1 in raroasa milk becomes. 0.67x33.6 • i.|»||?To + 0.63«70,s , 3,.4(Ho,. lf 3 . 5 ) , or 29.8 (Noa. 2 , 4 , 6 ) . 
Tabl 
PCI 
a c .3 .3 .2 .b . Prediction modal* for 1 3 7ca 
137Ca 1 " ^ par mCi 137Ca km"2) 
in Faroasa milk (unit for radloacologlcal sensit ivity! 
No. Si ?!• Area Period 1 3 7 C t - a c t i v i t y , pCi l " ^ S e n s i t i v i t y 
Fresh milk Thorahavn 1964-76 8.17d£F+20.0dJ_ lp+4.56AJ_2(3)F+°.°*°AJ_2(30)F 
- • - • . 7 0 d i p + 1 9 . 7 d i . 1 F + 4 . 7 4 A ' . 2 ( 3 ) F 
- • - 1 3 . 6 d i p + 6 . 4 3 d i . 1 F + 6 . 3 3 A i . 2 ( a ) p + 0 . 2 0 A i . 2 ( 3 0 ) f 
- ' - 1 4 . 4 d i p * 5 . 3 5 d ' . l p + 7 . 2 4 A i . 2 ( 2 ) p 
- • - " .•«i ,*i« . -«i- 1 ,*X4.«j»i . a ( 1 ) F*i .mi. 2 ( 3 0 ) F 
- - - 9 . 4 1 d i F + 2 1 . 0 d i . 1 F + 7 . 1 6 A i _ 2 < 4 ) p 
8 
9 
10 
11 
12 
- ' 
- ' 
- ' 
- " 
• • 
' -
' -
• -
— " • 
Klaksvig 
•» * • 
Tv»ri 
•a ** * 
48.3 
46.6 
44.0 
37.4 
125 
»a. 3 
0.9952*** 
0.9951*** 
0.9961*** 
0.9945*** 
0.9906*** 
0.9679*** 
Tha radioecologlcal sensitivity for pCl X 3 7cs l"1 was 68.8 (Nos. 7, 9, 11), or 48.6 (Nos. B, 10, 12). 
Table C.3 .4 .I .e . Prediction Models for aoSr In terrestrial animals (unit for radloeeoloflcal 
• •nalt lv l ty i pel *°ir h«"V per »CI , 0 Sr km"2) 
No. Sample Area Period *°Sr-aetlvlty, pel M"j}, i ens l t lv l ty 
1 Beef Denmark0* 19I3-7S 0.<ad1*0.07d1 . j*0.017A1 .2 ( 1 )*0.0aA1 . j ( J i ) 
a - " - - " - - • - o. 44di-»o. iMt-i*0*oai*i-a(at) 
3 tork - " - - " - • . a M 1 * o . l M i . x * 0 . 0 3 A 4 < . J ( J ) * 0 . 0 i l A 1 . J ( J i ) 
4 - " - - " - - " - Q.aad^O.Md^j+O.OSCAj.,, , , 
o) The saia»lea were collected in Coponhacon and were assumed te be representative ef the country 
avera«e. 
1.37 
1.3« 
1.01 
o.7a 
O.»00S«»» 
e.tees*** 
O.M7«»»« 
o.•»•#••• 
le C.3.4.1.S). prediction »»dels for " s r In terrestrial animals (unit for redleeeelecleal 
seaoltlvltyt pet "»a (« Ca)"ly per nci V0Sr Urn"2) 
No. Sample Area ferled 90Sr-aetlvlty, pel (f ca)"jj, Sensitivity r 
S Nutten and 
lajsi«) raroes mi -7« •«1«ir*7«>*:i-ir>J'4*i-aM>r** ,ui-a<ai>r "•* • •Ml«" 
• - " - - " - - " -
 v
*
M i r M , M i - i r* l 4 * i -ao>r " • • •••»•••• 
7 - • - H.Oroenland lMa-7»» aM ta«3.4A t.1<7)a tl.7 0.M47" 
pi The areenlend mutton oempllno was Incomplete, *sSr was thus net determined In ItM-ltM and In 1*70, 
hence the prediction model Is only a reueh approximation and so is the sensitivity, 
a) 1 ho mutton or lamb contained 0.H0.04 f Ca USD* mean of It samples). 
Table C.3.«.I.e. Prediction models for S0Sr in terrestrial aninuls (unit for radioecological sensitivity* 
pCi 90Sr kg"^ per mCi 90Sr km"2) 
No. 
8 
9 
10 
Sample 
Reindeer*' 
- • -
Musk-ox 
Area 
H.Greenland 
» ••• — 
S.Greenland 
Period 
1962-75 
w " «• 
1964-73 a ) 
9 0 S r - a c t i v i t y , pCl kg"jj} 
0 . 7 d i G * 1 0 . 1 d i . 1 G * 0 . 5 9 A 1 _ 2 ( 3 ) c * 0 . 0 4 6 A i . 2 ( 2 8 ) G 
° -
7 d i G + X 0 - 2 d i - l G + 0 - 4 , * i - S ( 5 ) G 
° -
l d i G + 0 - 6 * i - l ( 5 ) G 
S e n s i t i v i t y 
14.9 
14.2 
4 
r 
0.9022*** 
0.9031*** 
0.8078* 
a) Musk-ox was not analysed in 1966, 1969 and 1971, and the model is thus approximate, 
s) 1 kg reindeer meat contained 0.12*0.07? Ca (ISO* mean of 56 samples). 
Table C.3.4.2.a. Prediction models for Cs in terrestrial animals (unit for radioecological 
sensitivityi PCi 137Cs kg~Xy per mcl 137Cs km"2) 
No. sample Area Period i37Cs-activity, pCi kg"jj, Sensitivity r 
1 
2 
3 
4 
o) Cf. note t o Table C . 3 . 4 . 1 . 
Beef Denmark01 1963-75 25.0dj*0.20dJ_ 1 +1.17A{_ 2 ( 2 ) 
- " - - " - - " - 24.7d«+1.88dJ_1 
Pork - " - - " - l e . S d J + M . i d J . j - H . m j . j j j j 
- " - - " - - " - 1 7 . 6 d ^ l 4 . 3 d | _ 1 + 2 . 6 d ' _ 2 
28.0 
26.6 
34.2 
34.5 
0.9929*** 
0.990«*** 
0.9934*** 
0.9948*** 
137 
Table C . 3 . 4 . 2 . b . Predict ion models for Cs in t e r r e s t r i a l animals (unit for radloeco log ica l 
s e n s i t i v i t y : pCi 1 3 7 Cs (g K)_ 1y per mCi 1 3 7Cs km"2) 
No. Sample Area Period 1 3 7 c a - a c t i v i t y , pCi (g K)"jJ, S e n s i t i v i t y 
Mutton and 
lamb* 
6 
7 
8 - • 
Faroes 1961-76 3»«» i F + 0 ."d i_x F + «-2Ai -2 (3 :F + 0 - 2 7 A i - 2 (30 )F 
3 e d i P * 1 . 3 a i _ x r * 6 . » A £ . a < 4 ) F 
W.Greenland 1961-76p> 27dJQ+5.2A£_x (12)G"*'0-31Ai-l(30>G 
N _ 2 9 d i G + 4 . 9 A i . 1 ( 1 6 ) G 
82.2 
76.0 
128 
142 
0.8113*** 
0.8076*** 
0.6564* 
0.6584* 
p) Mo samples from 1963, 1964. 1966, 1967, 1970. 
s) 1 kg mutton or lamb contained 2.6*0.4 g X (1SD» mean of 35 samples), 
s e n s i t i v i t y : pCi Cs kg y per mCi 
137c 
7Cs km -') 
Table C .3 .4 .2 .C . Predict ion models for '""Cs in t e r r e s t r i a l animals (unit for radioeco log ica l 
137„_ «._-!_. 137„_
 fc - 2 . 
No. Sample Area Period 137, C s - a c t i v i t y , pCi kg (1) S e n s i t i v i t y 
9 Reindeer H.Greenland 1962-75<:) 157d|G+231d|_1G+200A^_2 ( 2 ) G+21.7A'_2 ( 3 0 ) G 
10 - " -
11 Husk-ox E.Greenland 1964-73 r) 
142diG*254di.1G+157Ai_2(4)G 
1.3diG*8.0Aj_1(7)G 
1799 0.6023* 
1226 0.6192* 
78 0.8450** 
q) The 1968 sample was omitted in.the prediction model because it was an outlier. 
r) No samples from 1S66 and 1969. 
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Table C.3.4.3« Predict ion atodels for Sr in bone from t e r r e s t r i a l animals (unit for rad ioeco log ica l 
s e n s i t i v i t y i pe l 9 0 S r (g CaJ^y per »CI 9 0 Sr km"2) 
No. Sample Area Period 9 0 S r - a c t i v i t y f pCi (g C*)~J} 
12. W 1 F * » . M 1 . 1 F * « . «*, . . , < 2 ) P + 0 - 5 1 * i - 2 (28) V 
3
-
M l G * 3 - 3 d i - l G * a - « A i - 2 ( 1 0 ) G + 0 ' 0 " * i - 2 ( 2 8 > G 
» • • ^ • » • " i - i G ^ ' ^ - a w i a 
1 
2 
3 
4 
5 
Sheep 
bone 
• * — 
•m
 m
 » 
—
 « „ 
Reindeer 
bone 
Faroes 
• * « • 
N.Greenland 
_ • -• 
—
 m
 — 
1962-76 
w • mm 
1961-75' 
mm
 m
 — 
19 62-7 51 
a) 
*» 7.«d 1 G + 0.05d 1 _ X G *24.1A 1 _ 2 ( 3 ) G 
S e n s i t i v i t y 
53.4 
37.9 
49.9 
43.0 
100 
r 
0.9185*** 
0.9187«»» 
0.9374*** 
0.9380*** 
0.7733*** 
a) 19*3-196« and 1966-1970 were miss ing. 
b) 1969 was n i a s l n g . 
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Table C.3.5.1.a. Prediction models for Sr in marine flah (unit for radioecologlcal aenaltlvltyi 
pel 9 0Sr (g Ca>_1y per mCi 9 0 s r to"2) 
Mo. Sample Area Period 9 0Sr-actlvity, pel (g Ca)T*> enslt iv l ty 
1.06 
0.70 
0.69 
0.S4 
r 
0.8856** 
0.8843** 
0.7558** 
0.7553** 
1 Cod 
2 
Denmark 1961-71 o) 
3 Cod and 
haddock Faroes 1963-76 
0.086d1*0.005d1_1>0.0064A1_2(2)+0.024A1_2<28) 
o.oeedj+o.oosd^j+o.oagAj^.j^j. 
0.024d1F+0.20Al.1(2)F+0.0046Ai_1(28)F 
°-
017dlF+O-22*i-l(2)F 
o) Except 1962, 1964, 1968, 1970. 
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Table C.3.5.1.b. Prediction models for Sr In marine fish (unit for radioecologlcal 
sensitivity« pel 9 0Sr kg_1y per mCi 9 0Sr km"2) 
No. Sample Area Period 90 Sr-activity, pCi kg <i ) Sensitivity 
Plaice 
Salmon 
Denmark 1963-71p) 0.056d1+0.014d1_1+0.014Ai_2(28) 
W.Greenland 1963-74 q) 0 . 9 7 d i G + 0 . 0 4 6 A t . 1 ( 2 8 ) G 
0.63 
3.8 
0.735O* 
0.6736* 
p) Except 1966, 1970. 
q) Except 1968, 1972. 
Table C . 3 . 5 . 2 . Predict ion models for Ca in marine f i s h (unit for radioeco log ica l s e n s i t i v i t y ! 
157 z\ 137 _2 
pCi " ' c s kg *y per raCi X J , C s km *) 
No. Sample Area Period 1 3 7 C s - a c t i v i t y , pCi kg"|J, S e n s i t i v i t y 
1 
2 
3 
4 
5 
6 
7 
c o d 
Cod and 
haddock 
— • • 
Cod 
P l a i c e 
Salmon 
^ •• w 
Denmark 
F a r o e s 
—
 M „ 
W.Greenland 
Denmark 
N.Greenland 
—
 m ^ 
1 9 6 3 - 7 1 * ' 
1 9 6 3 - 7 6 
1 9 6 3 - 7 4 b ) 
1 9 6 3 - 7 1 c ) 
1 9 6 3 - 7 4 d ) 
V ** V 
2.3d|+O.0015d^1-»2.6A^_2 ( 5 ) 
0 .36d ' F +0 .012d i_ 1 F +0 .096Ai_ 2 ( 4 ) F +0 .027A>_ 2 ( 3 0 ) F 
0 .35d i F +0 .009d i_ 1 F +0 .12Ai_ 2 ( 6 ) F 
1
-
5 d i G + 0 - 8 6 * i - l ( 7 ) G 
0 .3«d{+0.86Aj_ 1 ( 5 ) 
1 . 8 3 d i G * 0 . 4 3 d i . 1 G + 0 . 3 7 A i . 2 . 2 ) G + 0 . 1 9 A i . 2 ( 3 0 ) G 
i . e o d j G + o . 4 6 d j _ 1 G * o . 4 3 A j _ 2 ( 7 ) G 
20 
2 . 0 
1 .3 
10 
6 
1 1 . 3 
« . 4 
0 . 7 9 4 1 * 
0 . 7 2 8 1 * * 
0 . 7 1 8 3 * * 
0 . 7 8 2 5 * 
0 . 2 4 7 S 
0 . 7 9 9 9 * * 
0 . 7 9 6 3 * * 
a) Except 1964, 1970. 
b) Except 1965, 1966. 1968, 1970, 1972, 1973. 
c) Except 1966, 1967. 
d) Except 1968. 1972. 
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Table C . 3 . 6 . 1 . Predict ion models for Sr i n aea mammals and hens' eggs (unit for rad ioeco log ica l 
s e n s i t i v i t y ! pCi 9 0 S r kg _ 1 y per mCi 9 0 S r km"3) 
No. Sample Area Period 9 0 S r - a c t i v i t y , pCi kg"|Jj S e n s i t i v i t y 
1 
2 
3 
4 
6 
7 
S e a l 
*» • w 
W h a l e * 
^ M _ 
H e n s ' e g g s 
«» * « 
Greenland 
• • .. 
F a r o e s 
Green land* 
Denmark 
«• * • 
1962-69 
— " •• 
1962-75' 
— •* — 
19 6 2 - 7 S1 
•• * •> 
c> 
b) 
0.145d1G+0.024A1.1(4)G+0.002A1.1(28)G 
0.146diG+0.024A1.1(5)G 
0.16dlp*0.0036A1.1(28)F 
0.39d1G+0.0lA1.1(28)G 
0.75di+0.08di_1+0.14Ai_2.2j+0.004Ai_2,2aj 
0.72d1*0.19A1_2(2) 
0.3S 
0 .31 
0 . 3 0 
0 . 8 0 
1.33 
1.1« 
0 . 7 7 4 0 * 
0 . 7 7 4 6 * 
0 . 8 6 1 2 * * * 
0 . 8 4 0 9 * * 
0 . 8 4 5 6 * * * 
0 . 8 4 7 1 * * * 
a) Godthåb precipitation data. 
b) Except 1967, 1972. 
c) Except 1964, 1967, 1971 and 1973. 
d) The whales were from Faroese and Greenlandic waters. 
Table C . 3 . 6 . 2 . Predict ion models for Cs in sea animals, sea birds and hens' eggs (unit for rad ioeco log i ca l 
s e n s i t i v i t y : pCi 1 3 7Cs kg _ 1 y per mCi 1 3 7Cs km"2) 
No. Sample Area Period 1 3 7 C s - a c t l v i t y , pCl Kg"jjj Sensitivity 
5.3 
5.9 
4.2 
15 
15 
1.90 
1.70 
3.4 
3.5 
r 
0.732 5« 
0.9646*** 
0.960O«** 
0.9862«** 
0.9862«« 
0.9117**« 
0.9122*«* 
0.5230 
0.6017 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Seai 
Whaled) 
<mi * — 
* * — 
— • — 
Hens' eggs 
* ** * 
Sea birds9* 
• * — 
Greenland 
Faroes 
» * • 
Greenland9 
* • «• 
Denmark 
« " « 
Faroes 
Greenland*' 
1963-69 
1962-751 
— " — 
_ " * 
«• " mm 
1963-75' 
w * mm 
1962-75: 
*> • mm 
to) 
c) 
f) 
1 . 1 3 d i G + 0 . 0 8 d ' _ 1 G * 4 . 1 l A ' _ 2 U ) G 
1 . 2 2 d ' F + 1 . 2 9 d ' . 1 ^ 0 . 6 5 A 1 . 2 a ) F * 0 . 0 6 4 A ' . 2 ( 3 0 ) r 
1 .10dJ F +1 .58d |_ 1 F +0 .22Ai_ 2 ( 5 ) F 
2 . 1 d ' G + 6 . 7 d i . 1 G + 0 . 2 4 A i . 2 ( 1 6 ) G + 0 . 0 1 f t i . 2 ( 3 0 ) G 
2 . 1 d i G + 6 . 7 d ' . 1 G + 0 . 2 5 A i . 2 ( 1 7 ) G 
0.001d^+1.63d|_ l *0.031A[_ 2 . 6 ) 
0.004d[+1.70dj_ 1 
0 .92dJ p +0.23dJ_ 1 F +0.94Ai_ 2 ( 2 ) F 
1 . 0 9 d i G > 0 . 4 6 A ' . 1 ( 4 ) G 
a) Godthåb precipitation data. 
b) Except 1964, 1967, IS71-1973. 
c) Except 1967, 1972. 
d) The whales were collected in Greenlandic and Faroøse waters. 
f) Except 1967, 1969, 1971-1974. The data were the calculated mean values obtained from a VAR-3. The models are 
tentative. 
g) Brunnicks Guillemot, Puffin, Razorbill, Fulmar Petrel, Eider and Black Guillemot. 
Table C.4.2.1. Prediction models for °Sr in Danish total diet (unit for radioecologlcal 
go -l 40 -2 
sensitivity: pCi auSr (g Ca) xy per mCi *uSr km ') 
No. Sample Area Period an —1 
'
uSr-activity, pCi (g Ca)
 (Jj Sensitivity 
1 
2 
3 
4 
5 
6 
7 
8 
'Diet C" 8 sones 1961-76 0.85d1+1.50d i_1+0.113A1_2 ( 2 ) +0.083A1_2 ( 2 8 ) 
Jutland - " 
Islands - " 
— * •» « " 
0 .83d 1 +1.52d 1 _ 1 +0.143A 1 _ 2 ( 1 0 ) 
0.67d 1 +1.50d 1 _ 1 +0.150A 1 _ 2 ( 2 j+0 .082A 1 _ 2 ( 2 8 } 
0.85d i +1.52d i _ x +0.169A 1 _ 2 < 8 ) 
O.Bldj^-fl.SOd^j+O.OSeA^j (2)" t - 0>09 l*i_2 (28) 
o . eodj+ i . 5 2 * ^ ^ 0 . i m ^ j ^ j j 
"Diet P" Denmark 1959-76 1 .08d i +1 .57d 1 _ 1 +0 .085A i _ 2 ( 1 7 ) +0 .0065A i _ 2 ( 2 gj 
- * - - » - _ - _ 1 .08d 1 +1.58d 1 _ 1 +0.090A 1 _ 2 ( 1 8 ) 
6.00 
4.34 
6.08 
4.24 
6.10 
4.87 
4.99 
5.00 
0.9924*** 
0.9922*** 
0.9903*** 
0.9900*** 
0.9915*** 
0.9915*** 
0.9883*** 
0.9884*** 
"Diet C" i s the to ta l d i e t measured as a mixed sample in June and December ( D . 4 . 2 . 3 ) . "Diet P" i s 
the t o t a l d i e t ca lculated from measurements of individual d i e t components» (dried milk from the 7 
f a c t o r i e s , grain from the 11 s t a t e experimental farms, potatoes from these farms, f r u i t and vegetables 
from the 8 sones , meat and eggs purchased in Copenhagen, f i s h from inner Danish waters , imported food 
purchased in Copenhagen and drinking water from the 8 sones ) . 
137, Table C . 4 . 3 . 2 . Predict ion Models for 
s e n s i t i v i t y ! pel 1 3 7 Cs (g K)_ 1y per «C1 1 3 7 Cs km"2) 
Cs in Danish t o t a l d i e t (unit for radloeco log lea l 
No. S tap le Area Period 1 3 7 c s - a c t i v l t y , pel <g K)"jjj S e n s i t i v i t y 
1 
2 
3 
4 
5 
6 
7 
8 
" D i e t C" 
«-> • *. 
—
 M
 — 
«> ** « 
* * «. 
" D i e t P" 
•a. " v 
• * — 
8 s o n e s 
J u t l a n d 
'«• * « 
I s l a n d s 
* * ~ 
Denmark 
* * * 
• * «•> 
s 1963-76 1.56d|+1.79dJ..J+'0.8ad£_2 
• " - 1.24dJ+2.36dJ_a+0.77A{_2 ( 1 ) 
1.52dJ-H.90dJ_1+0.91d»_2 
1.14d^+2.23d|_ 1+0.68A|_ 2 ( 1 ) 
1.39dJ+l. »2d|_1-»0.81dJ_2 
1.70d|+2.29di„1+O.UlA^2(1)+0.011Ui.2(30) 
1.68dJ+2.32dJ_a+0.050AJ_2(4) 
1.79dJ*2. 17*^+0.23dJ_2 
4 . 2 2 
4 .37 
4 . 3 3 
4 . 0 6 
4 . 0 2 
4 . 6 6 
4 .29 
4 .19 
0 . 9 9 9 5 * * * 
0 . 9 9 7 1 * * * 
0 . 9 9 9 4 * * * 
0 . 9 9 6 9 * * * 
0 . 9 9 9 5 * * * 
0 . 9 9 9 4 * * * 
0 . 9 9 9 3 * * * 
0 . 9 9 9 4 * * * 
(Cf. the note to Table C.4.2.1) 
90 Table C.4.3.1.a. Prediction models for Sr in human vertebrae in Denmark (unit for 
— — — — — — — -- . QQ _5 
radioeco log ica l s e n s i t i v i t y « pCi Sr (g Ca) y per mCi Sr km ) 
No. Sandie Area Period u S r - a c t i v i t y , pCi (g Ca) (* } 
Newborn; Zones 
0-30 d I . I I , I I I , 1960-76 0 . 0 8 1 d 1 + 0 . 1 2 4 d i _ 1 + 0 . 0 2 3 A i _ 2 ( 1 ) > 0 , 0 2 0 A t . 2 ( 2 8 ; 
Infants: 
4-12 mo. 
Infants: 
13-60 mo. 
0.0 75di*0.137di_1+0.021A1_2(28) 
1963-76 0.157di+0.35di_1+0.113A1_2(j,+0.028Ai_2(28) 
- " - 0.139di+0.38di_1+0.060Ai_2(7) 
196 3-76 0.055d1+0.32di_1*0.18Ai_2(i)+0.020Ai_2(28) 
0.086di+0.29di_1+0.34A1.2(1) 
S e n s i t i v i t y 
1.03 
1.06 
1.74 
1 .10 
1 . 3 ! 
0 . 7 2 
r 
0.9219***. 
0 . 9 1 9 3 * * * 
0 . 9 6 3 8 * * * 
0 . 9 5 9 4 * * * 
0 . 9 4 8 0 * * * 
0 . 9 3 4 7 * * * 
Tab!« C4.3.1.D. Prediction 
radio«oolo9ical sensitivity« 
modal« (or Sr in human v«rt«bra« in Danmark and th« Paroa« (unit (or 
pCi 908r (9 ca)_1y par mCl 908r km~a) 
NO. 
7 
a 
9 
10 
11 
12 
13 
14 
sampl« 
Children! 
€-12 y 
« • _ 
Adolescentsi 
13-19 y 
— •• — 
Adult«i 
20-29 y 
« • «. 
Adults> 
> 29 y 
•m
 m
 . 
Area 
Son«« 
I , I I , I I I , 
IVaVI 
— " » 
* * <m 
«•» " « . 
• • " «• 
OP " * • 
«. • «• 
«P " «• 
Period 
1962-76 
« • < * « * 
1962-76 
1960-76 
w " « 
1960-76 
• > • * « • 
9 0 S r - a c t 
0.132d4_ 
O . l S t d ^ 
0.16Sd t_ 
0 . 1 • 7 d 1 . 
0.086d1_ 
0 .102d 4 . 
0.060d1_ 
0.075d1_ 
i v i t y , pCi <g 
^ 0 . 0 7 ^ , 2 , 2 
j+O.OeSA^j, , 
^ 0 . 1 4 3 * ^ 2
 ( 1 
J + O . O S I A ^ J . , 
l +0 .111A 1 _ 2 ( 1 
^ O . O S I A ^ , ^ 
^ O . O i S A j . j . j 
l * 0 " 0 « 1 * ^ « « 
C
*>U> 
+ 0
-
0 m i - 2 ( 2 l ) 
* ° -
0 2 2 A l - 2 ( 2 « ) 
• 0 . 0 2 3 A 1 . < J i a | ) 
• 0 . 0 2 3 A 1 . 2 ( a i ) 
S e n s i t i v i t y 
1.11 
0.67 
1.19 
0.4« 
1.12 
0.9« 
1.05 
0.59 
r 
0.9226**« 
0.9201*"* 
0.9713*«* 
O^SM«'* 
0.9575«** 
0 . 9 4 6 4 « * 
0.939$*«» 
0.«997»«» 
15 Newborn i 
0-30 d 
16 
Faro«« 1965-76 0 .14M 
- " - - " - 0.2Sd4 
F v 0 . U 3 d 1 . l r * 0 . 0 5 4 A i _ 2 ( 2 ) r 
• 0 . 0 6 3 A 1 . X ( 1 ) F * 0 . 0 1 3 4 A 1 _ X ( 2 1 ) F 
0.19 
0.65 
0.7700*« 
0.7553** 
90 
Table C.4.4.1. Prediction Modals for Sr In shad daciduous taath and infant bona (unit for 
radloecological aanaltivityi pCi *°Sr (g Ca)-1y par mCl 90Sr km"3) 
No. Sampl« Area Parlod' a) an -i 
"
uSr-activity, pCi (g Ca)
 (J( 
Sansltlvity 
1 
2 
3 
4 
Teeth" «c' 
« " — 
* * -
«* " — 
Denmark 
™ •* •» 
Faroes 
*> " w 
1951-70 
• s * «a 
1951-67 
« * « 
5 Taath and , 
I n f a n t b o n e c ' Danmark 1951-76 
O.ll6d1+0.167d1_1-fO.loeA1<.2j4j*0,00O4n1_j(jtj 
0.l»7d1+0,116d1_1+0.109A1_2(^ 
0.264d1*0.127d1_1+0.43A1.j(l)*0.0076Ai_2(2,) 
O.166dl-f0.23d1_1*O.23Al_2(2) 
0.119d1*0.26d1.1+0.123A1.2(l,+0.032A1.2(28) 
0,105dl*0.29d1.1fO,067A1_2<7) 
0.69 
o.aa 
1.12 
0.95 
1,71 
1.04 
0 . 9 9 2 6 * " 
0.9926*«« 
0.9540*** 
0.95S5*** 
0.9«25»»* 
0.9603««* 
a) Tha yaar (i) i s tha yaar when tha tooth dor.or was 1 yi old, l . a . tha birth yaar of tha donor la 1-1. 
b) As tha f irst yaara wcra undar-raprasantad with ragard to incisors, and tha opposlta was the casa for tha 
latast part of tha pariod, tha "AR-3 figuras hava baan usad lnatsad of tha original data (ef. B.4). Aa 
explained in (XII), tha tooth-data from donors born prior to 19S7 wara eorractad for missing crata prae-
parata in tha dlat, bafor« thay wara usad in tha calculation of tha prediction modals. 
c) Tha values were estimated from VAR-3 (cf. B.4). The bones in No. 5 were from 4-12 months old infanta. 
Table C.4.5.1. Prediction models for 137Cs In adults working at Risø (unit for radloecologlcal 
sensit ivity) pCi 137Cs (g K)_1y per mCl 137Cs km"2) 
No. Sample Area Period U 7 Cs-act lv l ty , pCi (g K)"X (1) Sensitivity 
Both sexes Sealand 1963-76 
Males 
Females 
1.2SdJ*5.66d].1*4.SlAi.2(1) 
2.54dJ0.79d^_a*4.S7dj>_2 
0.Sld£>6. IMJ.j+S. 42Aj[.2 ( l ) 
2 . 1 6 d J + 4 . 9 4 d J _ j * 5 . 3 6 d J „ 2 
1.74di'»4.56di.1-*3.93Ai.2(l) 
2.72dJ+3.l3dl .•3.90d;_, 
11.6 
11.2 
13.1 
12.5 
10.2 
9.S 
0.9954»»» 
0 . 9 l l l » » » 
0.9969*** 
0.9I57»»» 
0.99«3»»» 
0.9S76««« 
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APPENDIX D 
BOTES TO THE MAIN TEXT 
This appendix comprises details considered as a useful supplement 
to the main text. The numbering corresponds to that of the 
corresponding passages in the main text. 
D.1.2. Summary of the history of nuclear weapons testing 
The Research Institute of National Defence in Sweden (FOA) has 
collected the information available on nuclear explosions for 
the period 1945-1972 (Za73). The first thermonuclear explosion 
took place on 31 October, 1952, on the Enewetak atolls (^  11 °N, 
^ 162°E) in the Pacific Ocean. This test initiated global or 
worldwide fallout. Before that time the non-local fallout had 
been limited to rather narrow bands around the latitudes of 
the test sites; such fallout has been called tropospheric or 
intermediate fallout. In November 1955 the USSR performed 
their first thermonuclear test at Novaya Zemlya (^  70°N, ^ 50°E). 
Until the end of 1958, USA, USSR and UK had tested fusion 
weapons with a total fission yield of approx. 92 megatons TNT 
(Fe63). Of this yield, 38 Mt were air explosions, and 54 Mt 
were surface shots. In 1959-1960 there was a temporary test 
moratorium, but in September 1961 the USSR and USA resumed 
their atmospheric tests. During 1961-1962 101 Mt TNT ' fission 
yield (Fe63) were detonated as air explosions. Since then none 
of the three original nuclear powers has performed atmospheric 
tests. 
*) According to the inventory estimates made by UNSCEAR (Un77) 
90 this fission yield estimate seems too high as the Sr production 
in the 1961-1962 series was only approx. 9 MCi corresponding 
to a fission yield of approx. 83 Mt TNT. 
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In 1967 the first Chinese thermonuclear weapon test took place 
at Lop Nor in the Sinkiang Province (^  40°N, ^ 90°E), and in 
the following year France detonated a thermonuclear device in 
the South Pacific (^  20°S, ^  140°W). China has carried out 
thermonuclear shots in the atmosphere in 1967, 1968, 1969, 1970, 
1973, 1974 and 1976. These explosions have generally been 
of the order of 1-2 Mt TNT fission resulting in a global 
90 deposition every post-test year of approx. 0.1 - 0.2 MCi Sr 
(Te77). The French test series was only of minor importance as 
a source of fallout in the Northern hemisphere as the inter-
hemispheric exchange of air masses is so slow that roost fallout 
is deposited on the hemisphere of testing (Un77), and also 
because the total fission yield was only of the order of 5 Mt 
TNT (Za73). 
90 D.1.2.1. Local variations in the concentrations of Sr and 
Cs in air samples 
During the period 1962-1974, 3 stations from the HASL (Ha58-78) 
programme: Thule, Greenland (76° 36' N, 68° 35' W) , Moonsonee, 
Canada (51° 16» N, 80° 30 • W) and Sterling, Virginia (38° 58' 
N, 77° 25' W) , a Harwell station (Ae58-74): Chilton, U.K. (51° 
30' N, 05° W) , and Risø (55° 40' N, 12° 08' E) were compared. 
90 The relative Sr air concentrations for the period were 
obtained from a VAR-3 anova (cf.B.3): Thule: 0.99, Moonsonee: 
1.05, Sterling: 1.28, Chilton: 0.85, and Risø: 0.83. The anova 
showed that the variation between stations was significant. 
This was to be expected over a latitude band of nearly 40 . 
An anova of the data from Chilton, Moonsonee and Risø, which 
are all within a 10 latitude zone, showed that Chilton and 
Risø did not differ significantly, but that Moonsonee was 
90 
significantly higher. It was anticipated that the annual Sr 
air concentrations at Risø were representative of the annual 
means of the air levels for the entire country. This assumption 
was reasonable also in view of the negligible local variations 
90 in rainwater concentrations of i 
parts of the country (cf.1.3.1.). 
Sr measured in the various 
137 90 The local variation of the Cs/ Sr ratio was also studied 
at the five locations mentioned above. During 1962-1974 the 
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annual mean ratios were 1.67 + 0.09 (1 SE) at Ris#, 1.72 + 0.09 
at Chilton, and 1.57 + 0.07 at the 3 HfcSL stations (Thule, 
Noonsonee and Sterling). An anova of the annual mean Cs/ Sr 
ratios from the five locations showed no significant varia-
tion between locations nor between years. Hence, the Cs air 
90 
concentrations followed those of Sr both with time and 
location. 
Table PTlt2,l. 
heaiaphere related to 
level air at M M . 
Total deposition of ***r in the northern 
»0, Sr 137, itrations in 
*ear MCI ,0Sr 
deposited 
(1) 
(Un 77) 
fCi *°Sr 
B-3 
12) 
(MB 59-7«) 
fCi » 7 C 
n-3 
(31 
(MO 59-7«> 
(2)/<l> (3)/(l) 
(4) (5) 
Pre 195« 1.90 (17.5) 
1951 
1959 
19*0 
19(1 
19« 
19*3 
19C4 
1965 
194« 
1967 
19*0 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
0.C3 
1.05 
0.2« 
0.35 
1.4« 
2.S2 
l.C« 
0.77 
0.33 
0.17 
0.20 
0.15 
0.21 
0.19 
0.09 
0.03 
0.12 
0.0« 
5.0 
10.5 
2 .1 
2.0 
10.« 
30.5 
21.7 
«.7 
2.9« 
1.10 
1.42 
1.41 
2.1« 
1.97 
0.04 
0.40 
1.42 
0.90 
»re 19«2 
(«7.4) 
23.1 
«5.« 
31.2 
10.« 
5.7 
2.1« 
2.31 
2.45 
3.40 
2.«7 
1.37 
0.47 
1.9« 
1.30 
7.9« 
10.« 
0.0« 
5.71 
7.3« 
11.S4 
13.07 
•.70 
0.91 
«.«7 
7.10 
9.«« 
10.29 
10.37 
9.33 
13.33 
11.03 
15.00 
1«.«« 
25.0« 
1«.M 
13.77 
17.27 
12.59 
11.90 
1«.33 
U.19 
14.05 
15.22 
15.«7 
1«.33 
21.«7 
I 121 I 222 
tCX r u * fci y * -3 
x 9.7 
SO 2.5 
I 1«.5 
SO 3.5 
The figure* in bracket« are the integrated air 
(of *°»r and 137, C* before Deniah 
froa the Mean ratio« found in (4) 
tretlc 
renenta beeaa) <wtuwted 
(S), respectively. 
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T M I « » . 1 . 1 . 2 . i k t i H M i »f "sw + M — i M — t o n i M r t 
I M C k U M U 1 t u l b t t a M t I flO 
MM » . M 
i»si ».i 
19S2 » .1 
1SS1 • . « 
19*4 • . • 
19S& 1.7 
19*C l . » 
19*7 2.« 
19M 1.« 
19*9 
. N ».»2 
• . l 
• . 2 
• .S 
1.9 
2.S 
1.1 
1.1 
4.1 
• . 1 
I« toUMM l a r t l l k * f* l l** t M M »MtMj 19*9-19*4 
f CWB U f H M I « «B — C l l T »HK 
IBl 7 1 . f* t i l . SUM* 195*. HM MIM 1 
MMMpltMUMi MjMllMl MMM te TM 
flMi H l i t r i MMM U M « | M *»-74) . BRMJM 2 
OM MMM I t t l l 11TII1M M ) I l l l W t 
te Mllfevi — i t MilMJ 19**-19*9 
19S2-1M7, 1 .« . » .S2 . b t M t t 1 
MMMM m l mé 2 tm 19S9-19S1. k«t fraa 
I9M HM M M M M MM« C a l C T l f i f 1MB MM H K « * U 
0te M-Tt) a n n u l te N i i t t k , I M M I M H M J d m « w MMB 
r M t e M f c i n **Sr f a l t e v t te MMMrt tmå M IMk M t 9 .7 
LMJ M * r*r l« l 19C2-197«. teti—f 1 M pwmlmmå t» 
te (Mt M å l I f l — COllcctMl At ØM MMteStef a f tfc* 
s t e t t e s u r n i witfc « • vabMk M f l M r f twmm tfcls « t M U . 
Wui • •» • *. tfc« **»r a ir é H « » ! • • i M w i • Mtttc* n t M M t 
wltk thte N U M t t , M WM m w l i l fra* t 
t l l W I « * teftelt* teffTMMl MMMlUMl 
a i r Mrf p n c t e l t M l w i M M M N M B « ( C * . 1 . 1 . 2 . 1 . 
D.1.3.3. Calculation of tha fallout-weiented —an precipitation 
at the »tat« experimental farms (Fig.A.l.1.3.1 and table 
A.l.1.6.2.) 
For 1953-1961 the anounts of precipitation were assessed fro« 
the Meteorological measurements at the stations (Lu71, Me59-77). 
The mean for the period was 664 ma y"1. If the individual 
years were weighted by the Sr fallout rates measured in 1962-
1974,this weighted mean became 638 ma y"1. 
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For 1962-1974 fallout rain-bottles were used for the estimation 
of precipitation; the unweighted mean was 638 mm, and the 
fallout weighted mean was also 638 mm. As the meteorological 
observations yielded 5% higher amounts of precipitation than 
the rain-bottles when the two systems were compared (RRD59-76), 
the precipitation estimate for the period 1953-1961 should be 
divided by 1.05 to obtain the overall weighted mean of pre-
cipitation (in rain-bottles): 
1953-1974: ((638:1.05) * 24.1) + (638 • 48.6) » 628 mm y"1 
72.7 
90 
where 24 .1 and 48 .6 were the t o t a l d e p o s i t i o n s of Sr in 
1953-1961 and in 1962-1974 , r e s p e c t i v e l y , and 72 .7 was the 
depos i t i on of the e n t i r e p e r i o d . 
90 D . 1 . 4 . 1 . An es t imate of the t r a n s f e r o f Sr from Danish 
ground water t o the b iosphere 
90 The amount of Sr re turn ing t o the biosphere as a r e s u l t of 
the pumping out of ground water may be es t imated i f i t i s 
r e c a l l e d that the amount o f ground water pumped out annual ly 
in Denmark i s 7 • 1 0 1 1 1 y"1 (Be71) , or 1.63 • 10 7 1 km"2 y " 1 . 
90 -2 -12 
1 Ci Sr depos i t ed per km * in Denmark y i e l d s 7.4 • 10 Ci 
90 -1 
Sr 1 y in the ground water (table C.1.4.1. No. 1), hence 
7.4 • 10"12 • 1.63 • 107 = 121 • 10"6 of the 90Sr deposited 
90 
returns to the biosphere. Thus, for each curie of Sr deposited 
as fallout on the terrestrial surface of Denmark, 121 uCi 
return to the biosphere as a result of the pumping out of ground 
90 
water. The total amount of Sr returning to the biosphere is 
greater than this because streams also carry ground water. The 
90 
theoretical maximum transfer of Sr from Danish ground water 
to the biosphere may be estimated from the annual contribution 
12 -1 
of precipitation to ground water being 4.7 • 10 1 y (Be71), 
or 1.1 • 108 1 km"2 y"1. Thus: 7.4 • 10"12 • 1.1 • 108 = 814 
• lo" , or of the order of 1%, of the deposited Sr may return 
to the biosphere if the Danish ground water shows the same 
90 
Sr mean l e v e l as that of the e i g h t b o r i n g s . 
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90 D.l.4.2. Estimate of Sr run-off with Danish streams 
90 According to table C.1.4.1. No. 3, the instant run-off of Sr 
from nuclear weapons testing until 1974 was: 
0.17 • 73 = 12.4 pCi 90Sr l"1 y 
and the infinite time-integrated delayed run-off was: 
73 • (0.0028 • 8.2 + 0.0035 • 39.9)= 12 pCi 90Sr l"1 y 
Of this amount: 
9 
<J0 -1 (0.0028 * 8.2 • 20.1 + 0.0035 • 39.9 * 53.8) = 8 pCi Sr 1 
90 
still remain to be released as delayed run-off (the Sr accumu-
lated by 1973 in Danish soils, assuming effective halflives of 
90 -2 -2 
6* and 28* years for Sr, was 20.1 mCi km and 53.8 mCi km , 
respectively). In 1950-1974 the amount of delayed run-off was: 
90 -1 12 - 8 = 4 pCi *uSr 1 y, 
and the total run-off during 1950-1974 was: 
12.4 + 4 = 16.4 pCi 90Sr l"1 y. 
12 As the annual run-off is approx. 12 • 10 1 (Je69) and the area 
2 
of Denmark is 43,069 km , the run-off during 1950-1974 corre-
sponded to: 
16T4 - 10-12 • 12 » 1012 . W m 4 # 6 m C 1 90Sr ^ 
43,069 
The time-integrated soil level during 1950-1974 was 836.6 mCi 
90 —2 
Sr km y, hence the annual mean removal was 5 o/oo. The total 
infinite time run-off in Denmark was: 
(12.4 + 12) • 12 = 293 Ci 90Sr 
* e"y The time integrated levels were calculated from (cf C.2) 
1 - e~w 
where p is the decay constant. For 6 year the expression is 8.2 
and for 28 year: 39.9. 
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90 -2 90 
corresponding to 6.8 mCi Sr km or 9.3% of the total Sr 
deposited (* 73 mCi km ) , and the run-off remaining to be 
released as delayed run-off in future years from 1975 and then 
90 —2 
onwards was 6.8 - 4.6 =2.2 mCi Sr km . 
Table D.l.5.1 
waters ralatad to salinity 
Tha Sr and Cs concentrations in Danish 
Parlod unit Equation no. 
1967-
1972 
1973 
1974 
1975 
1976 
1972 
1973 
1974 
1975 
1976 
1971 pCi , 0 S r l"1 
_ • _ 
. • -
_ • _ 
- " -
- " -
pet 137cs r 1 
_ • _ 
* • * 
_ R>
 — 
* • «•> 
m 
-
-
m 
m 
m 
m 
m 
-
m 
• 
0.94 
0.97 
0.95 
0.93 
0.79 
0.71 
0.80 
0.60 
0.54 
0.64 
0.53 
-
-
-
-
-
-
-
•• 
> 
• 
• 
0.018 
0.020 
0.014 
0.010 
0.006 
0.002 
0.0043 
0.012 
0.018 
0.010 
0.019 
(•Unity o/oo 
_ • _ 
_ • -
- " -
- • -
_ • -
_ • -
- " -
- " -
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Eqs. 1, 2, 4, 8, 9, 10 and 11 all showed significant or 
probably significant regression. Tha other equations did 
not show any regression. 
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Table D .1 .5 .2 . Strontium-90 in deep sea water co l l ec ted by the Dana in the North At lant ic 
L o c a t i o n 
38 054'N 
42°29'N 
62°50'N 
63°18'N 
60°49'N 
62°00'N 
68°19'N 
62°N 
23°06'W 
13°32'W 
34°20"W 
3°50'W 
4°15'W 
32°20'W 
56°52'W 
35°25'W 
Year 
1966 
1966 
1966 
1967 
1971 
1971 
1971 
19 73 
Unit 
pci 9 0sr T 1 
S a l i n i t y o / o o 
pCi 9 0 S r I " 1 
S a l i n i t y o / o o 
PCi 9 0 S r T 1 
S a l i n i t y o / o o 
PCi 9 0 S r I " 1 
S a l i n i t y o / o o 
PCi 9 0 S r l " 1 
S a l i n i t y o / o o 
PCi 9 0 S r T X 
S a l i n i t y o / o o 
PCi 9 0 S r T 1 
S a l i n i t y o / o o 
PCi 9 0 s r l " 1 
S a l i n i t y o / o o 
500 m 
0 .046 
3 5 . 4 
0 .038 
35 .7 
0 .093 
0 .080 
34.9 
0 .103 
33 .2 
1000 m 
0 .011 
3 5 . 6 
0 .027 
36 .9 
0 .019 
0 .020 
33 .6 
0 .061 
3 3 . 8 
0 .083 
Depth 
1500 m 
0 . 0 4 8 
2000 m 
0, 
35, 
0 
35, 
0, 
.005 
.1 
020 
.0 
.040 
2500 m 
0 .079 
34 .9 
0 . 0 3 0 
3 3 . 4 
0 .044 
3 5 . 8 
3500 m 
0 . 0 0 4 
3 4 . 8 
0 . 0 1 8 
3 4 . 8 
D.1.6.1.1. Removal processes for radionuclides deposited on 
the surface of the earth« Besides radioactive decay, other 
processes influence the removal of radionuclides from the soil, 
and this explains why the observed halflife may be lower than 
the radiological halflife. Five processes may be mentioned: 
1. Run-off, which includes physical removal of soil by 
running water as well as chemical extraction of radio-
nuclides fixed to the soil minerals. 
2. Removal by crops, i.e. removal of the activity taken up 
by the crops (by direct or indirect contamination) when 
the crops are harvested or eaten in the fields by livestock. 
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3. Soil contamination of crops. Soil and thus radioactive 
debris may adher to crops when, for example, root crops 
are removed from the fields. 
4. Mechanical removal of soil, i.e. removal by means of 
agricultural machinery (e.g. tractor wheels). 
5. Soil drift, i.e. wind erosion, which is of special 
importance for light soils before they are covered by 
vegetation, i.e. in early spring. 
The importance of processes 1 and 2 depends upon the fallout 
rate as well as on the accumulated fallout, while 3, 4, and 5 
primarily depend upon the accumulated fallout. 
1. Run-off 
According to 1.4.2., the total run-off during 1950-1974 
90 —2 90 —2 
corresponded to 4.6 mCi Sr km , 3.5 mCi Sr km were 
so-called instant run-off, i.e. dependent upon the fallout 
_2 
rate, and 1.1 mCi km were delayed run-off dependent upon 
90 90 —2 
the accumulated Sr in the soil. If the 4.6 mCi Sr km were 
related to the time-integrated soil level during 1950-1974 
on -2 (836.6 mCi Sr km y), it appeared that approx. 5£ p.a. of 90 the Sr in Danish soils had been removed by run-off. As the 
fallout rate decreases, the importance of instant fallout 
90 declines, and for future years a delayed run-off of 2.2 mCi Sr 
-2 
km is expected (cf.D.1.4.2.), which, compared to the infinite 
90 90 — 2 
time-integrated Sr level in the soil (2127 mCi Sr km * y ) , 
corresponds to an annual run-off of approx. 1% p.a. During 
-1 
1950-1974 a mean decay factor of 0.005 y may be applied and 
from then onwards the decay factor is estimated at 0.001 y 
2. Removal by crops 
During 1950-1974, 4.9 mCi 90Sr km"2 and 3.4 mCi 137Cs km"2 were 
removed from arable land by crops (table D.1.6.1.1.). However, 
80% returned in the form of manure to the fields, and the net 
removal was thus 1.0 mCi 90Sr km"2 and 0.7 mci 137Cs km"2, 
corresponding to approx. 1£ p.a. of the accumulated activity 
in the soil. Prom the prediction models for various crops it 
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on 
appeared that direct fallout contributed approx. 3/4 of the Sr activity in 
the crops during 1950-1974 and nearly all of the J Cs. Provided the fallout 
rate continues to decrease, we may expect a decreasing removal of Sr and 
13^ 
Cs by crops in the coming years. Fran the prediction models it was esti-
90 
mated that the future total net removal of Sr from arable land (but not 
necessarily from the terrestial environment as a whole) will be approx. 
0.3 md Ian , or 0.1 *» p.a. For the period 1950-1974 the mean decay factor 
was estimated at 0.001 y-1 and thereafter at 0.0001 y_1, i.e. negligible. 
Table D . l . 6 . 1 . 1 . An estimate of the to ta l 9 0 Sr and Cs uptake by Danish 
crops 1950-
sample 
Barley-
grain 
Straw 
Roots 
Leaves 
Grass 
a) 
Permanent 
grass 
Other 
crops 
i-i 
-1974. 
Mean area 
km2 
14.000 
5.000 
6.000 
4.000 
1.000 
30.000 
dean 
^uoduction 
kg y - 1 
5»109 
2-109 
20-109 
5-109 
20-10* 
13-109 
3*10 
9 0 Sr 
pCi kg"1 y 
1.48-103 
14.15«103 
0.93«103 
3.00«103 
2 .89-10 3 
2.89-10 3 
<0 «103 
Total 
Ci 
7.4 
28.3 
18.6 
1S.0 
57.9 
(37.6) 
0 . 1 
127.3 
1 3 7 c , 
pCi k g - 1 y 
3 .74-10 3 
7.3S-103 
0.09-10 3 
1.22»103 
2.30«103 
2.30-10 3 
•vl.22-103 
Total 
Ci 
18.7 
14.7 
1.9 
6.1 
46.0 
(29.9) 
x 0 
87.4 
The time integrals for the period 1950-1974 were calculated e? the difference 
between the i n f i n i t e time integrals s ince 1950 and the i n f i n i t e t -ne integrals 
s ince 1974 applying the pertinent prediction Models: barley grain: Table 
C.2.2.3 Ncs. 3 and 4, Table C.2.2.6 No. 3» straw, roots and leaves: Table 
C.2.4.3 and Table C.2.4.4* grass: Table C.2.4 .1 No. 3 and Table C.2 .4 .2 No. 1» 
other crops: as for leaves . 
Total fa l l ou t over 30.000 - 4.000 - 26.000 km : 26-73 Ci » 1898 Ci *uSr and 
1.6-1898 - 3037 Ci 1 3 7 Cs . Crops carried 6.7% 9 0 Sr and 2.9% 1 3 7 Cs . However, 80% 
returns as manure t o the f i e l d s , hence 1.3% Sr and 0.6% Cs were permanent-
ly removed by the crops. 
a) All grain was regarded as barley. 
3, 4, and 5 - various soil removal processes 
The last three processes are all tantamount to a physical 
removal of soil from the fields. However, quantitative data 
on soil drift in particular and on the mechanical removal of 
soil are not at hand. Some information on soil contamination 
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of root crops was available. Approx. 5£ p.a. of the ploughing 
layer was removed from sugar-beet fields with clay soils in 
Lolland (RRD75) during 1950-1974. From the time-integrated 
90 90 
Sr level in the ploughing layer, the Sr removal during 
90 —2 1950-1974 was estimated at approx. 3 mCi Sr kn , or approx. 90 AX, p.a. of the total Sr activity in the soil. As soil drift 
is more important for sandy soils than for clay soils, and as 
soil removal by crops and machinery, on the other hand, is less 
important for sandy soils, it may be assumed as a provisional 
90 
estimate that the average removal of Sr from Danish soils by 
90 — 2 processes 3, 4 and 5 during 1950-1974 was 4 mCi Sr km , or 
90 90 
5t. p.a. of the Sr in the soil. As the removal of Sr by the 
90 three processes primarily depends upon the Sr content of the 
ploughing layer, we may use the infinite time integral of the 
90 
Sr in the ploughing layer to estimate the future removal 
90 90 — 2 
of Sr by these processes at approx. 2 mCi Sr kn , or 1? 
90 p.a. of the future Sr content of the soil. The mean decay 
factor becomes 0.G05 y for the period 1950-1974 and 0.001 y 
thereafter. 
The overall mean decay factors were calculated from the above 
estimates: For the period 1950-1974 A„ = 0.025 + 0.005 + 0.001 
-1 c 
+ 0.005 =• 0.036 y x and for future years X = 0.025 + 0.001 
-1 
+ 0 + 0.001 - 0.0027 y . The corresponding halflives were 19 y 
90 
and 26 y, respectively, being compatible with the " Sr levels 
found in cultivated soils. Although the estimates of the decay 
factors for the various non-radioactive removal processes are 
thus uncertain, and although the decay factors change with ime, th se factors re not seriously underestimated; the 
90 
observed halflife of Sr in cultivated soil was about 20 yec 
during 1950-1974. In the coming years the observed halflives 
90 
of Sr in soil will approach the radiological halflives, 
provided that the fallout rate continues to decrease. 
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Tabla D.1.6.1.2. Strontium-JO and C«siua»-13? In Graanlandlc and Faroasa solis. 
Locat ion 
L a t i t u d e 
Lonaitud* 
( s a d l i n g 
year) 
Dundas 
7 6 ° 3 4 , I I 
60°50'W 
(1970) 
Godthåb 
t4°H 
52°W 
(1970) 
Thorshavn 
«2°02 ,H 
f,04S'1t 
(19C7) 
TV*ra 
« i 0 3 3 ' i i 
i 0 « ' « 
(1967) 
Sanpia 
depth 
I n t e r v a l 
in c * 
0 - 2 0 
2 0 - 3 5 
0 - 2 0 
2 0 - 3 5 
0-20 
2 0 - 3 0 
30-50 
0 - 2 0 
2 0 - 3 0 
30-50 
PCI » ° S r 
6 1 i 2 
13*1 
14116 
2 9 : 1 
761 
266133 
141 
1310 
60 
37 
• C l *°Sr 
I . " 2 
1 1 . 7 1 0 . 4 
2 . 0 1 0 . 2 
3 3 . 3 * 1 . 4 
5 . 0 * 0 . 2 
4 9 . 7 
1 2 . 6 1 1 . 5 
1 2 . 9 
9 1 . 7 
1 . « 
4 . S 
PCI 1 3 7 C S 
I C - 1 
110 
31 
355 
12 
2 M 1 
316 
171 
3051 
129 
•9 
• C l 1 3 7 C 
21 
5 
• 4 
2 
190 
15 
16 
217 
4 
12 
Annual » a an 
p r e c i p i t a t i o n 
In cat 
(1962-1975) 
t 150 
(Hard 72) 
782 
(Da 63-76) 
1377 
(Da 75) 
(t.1500) 
90 Sr in Danish D. 1.6.2. Estimate of the effective halflife or 
soils 
90 
The vertical distribution of Sr has implications for the 
direct contamination of crops. ANDERSEN (An73) conducted a 
study of the uptake by barley, rye-grass, red clover and root 
90 
crops of Sr placed at various depths in the soil profile of 
five different Danish soils. The uptake differed for the various 
species and soil types. If, however, a regression analysis was 
90 
applied to the data, the relative root uptake of Sr by the 
crops followed with approximation the equation 
U - e " 0 ^ (Eq.D.1.6.2.1) 
where c is the "relative root uptake factor", which varied 
-0.5 between 0.1 and 0.5 (an * ). In a given soil the highest 
c-values were found for grass, the lowest for barley and roots. 
Sandy soils generally showed lower c-values than clayish soils. 
As shown by several authors (Ru66a), numerous factors influence 
90 
the root uptake of Sr; the present model should consequently 
be considered as an approximation only. 
— 1 1 i. — 
From Eqs.1.6.1 and 1.6.2 the "fallout-weighted median depth" 
a by the end of the year n was obtained: 
n 
i = n
 ^ _ _ ^ _ ^ (n - i + 1)X 
a Z /n + 1 - i d.e" r 
V ° 1~U (Eq.D.1.6.2.2) 
n An 
where a was the median depth calculated from Eqs.1.6.4 and 
o 
1.6.2. for t = 1, i.e. for n = 0 in Eq.D.1.6.2.2. A was the 
n 
accumulated fallout (Eq.1.6.1.). If the calculated
 9 from V 
Eq.1.6.2.2. was inserted into Eq.D.1.6.2.1., the relative root 
uptake of a year n: U was obtained. The calculated U values 
for various a and c values for each year in the period 1950-1975 
were then by correlation analysis compared with the cumulated 
90 
Sr from fallout, assuming effective half-lives of the soil 
Table p .1 .6 .2 .1 . Calculated effective half-l lvas for the root uptake of *°Sr fro« 
uncultivated s o i l s . 
Period 
1950-1964 
1965-1975 
1976-1909 
1990-2000 
c - 0.1 
19 
20 
a - 1 
c - 0.2 
14 
It 
c » 0. 
10 
12 
.4 c - 0. 
20 
1« 
20 
23 
.1 
a - 2 
c - 0.2 
15 
17 
c - 0. 
7 
7 
12 
14 
.4 c - 0.1 
21 
21 
a - 3 
c - 0.2 
16 
It 
c - 0.4 
11 
14 
a i s that "vertical distribution coefficient* (cf. Bq. 1 .6 .3 . ) . 
c i s the 're lat ive root uptake factor" (*q. 1 .6 .5 . ) . 
The half- l ives (given in years) were calculated as described in 1.6.2. In the calculations of 
future half- l lvas i t was aaeoeed that no fresh *°Sr was Injected into the afjaosphere after 
1975, and that the effect ive ha l f - l i f e of the , 0 8 r in the stratosphere was 10 months (cf. 1 . 2 . ) . 
In fact , Sr has already bean injected into the atnosphere since 1975, but this does not chance 
the tendency of the flauree in the table. 
90 
Sr varying from 1 to 28 years (table D.l.6.2.1.). The future 
situation until year 2000 was also considered. It appeared 
that the effective half-life for the indirect contamination of 
crops will increase in the future. The parametric study showed 
that variations in the "vertical distribution coefficient" a 
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were of less importance for root uptake than variations in the 
"relative root uptake factor" c. An effective half-life of the 
order of 10 years may be expected for a large median depth 
combined with a crop with a shallow root system. A longer 
effective half-life may, on the other hand, be found in a soil 
with a shallow median depth for a crop with a low "relative 
root uptake factor". 
As regards the vertical distribution in cultivated soil, it was 
90 presumed that the Sr activity of the ploughing layer, which 
is approx. 20 cm thick, was uniformly distributed. The effective 
90 
half-life of the Sr in the ploughing layer was estimated 
from the measurements in 1962 (RRD62) and 1975 (RRD75) at 9 
years (A, = 0.077 y~ ). Below the ploughing layer, the situation 
was assumed to be analogous to the conditions in undisturbed 
soil, i.e. the vertical activity distribution was described by 
(Eq.1.6.3.) and the penetration of the activity front of a 
given year's deposit followed 10 /E', where t' was the time in 
years since the activity entered the layer below the ploughing 
layer. If the cultivated soil was ploughed every year, it was 
assumed that the activity introduced into the ploughing layer 
during a year (i) started to enter the soil below the ploughing 
layer in the following year (i+1). The effective half-life of 
90 the Sr in the ploughing layer was, in addition to the 
above-mentioned removal processes (D.1.6.1.1.), also influenced 
by the vertical transfer of activity to the soil below the 
ploughing layer. The decay factor A for this depletion of 90Sr 
was given as: 
A - A. - A = 0.077 - 0.036 * 0.04 y"1 p i c 
90 
corresponding to an annual downward transfer of 4% of the Sr 
present in the ploughing layer. 
Analogous to Eq.1.6.1., we now find for cultivated soils: 
i»n 
en *
 i - 0 
Z d,e"Ac(n " i + 1) (Eq.D.1.6.2.3) 
-n i 
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90 —2 
where A_ is the accumulated J"sr in mCi km in cultivated 
en 
soil as a whole n years after the deposition began (i.e. in 
1950), d. is the fallout rate in *Ci 90sr kw~2 y"1 in the year 
(i): (i=0 in 1950), and A is the decay factor for the various 
removal processes (D.1.6.1.1.). 
A = E d.e"Al(n " x + 1 }' (Eq.D.1.6.2.4) 
P" i=0 x 
90 —2 
where A is the accumulated Sr in mCi km in the ploughing 
layer n years after the deposition. 
A = A - A (Eq.D.1.6.2.5) 
un en pn ^ 
90 —2 
where A is the accumulated '"Sr in mCi km below the 
un 
ploughing layer 
^ „ * -A (n - i + 1) (Eq.D.1.6.2.6) 
A = I d, e r 
un
 i = 1 i 
90 —1 
where A is the radioactive decay factor (for Sr: 0.025 y ) 
and 
d±* = (1 - e"Xp) • Ap(i_1} (Eq.D.1.6.2.7) 
* 90 -2 -1 
where d, is the transfer rate of Sr in mCi km y from the 
1
 * 
ploughing layer to the lower-lying soil layers; d± may thus be 
considered as a "secondary fallout rate" to the undisturbed 
soil layers below the ploughing layer. 
90 
Let us assume that the relative root uptake of Sr by crops is 
proportional to the accumulated 90Sr, and that it furthermore 
depends upon the median depth according to Eg.0.1.6.2.1. If the 
cultivated soil is considered as two compartments, the ploughing 
layer (p) and the underlaying layer (u), we may estimate the 
relative root uptakes (U ) and (U ) from each of these layers 
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from Eq.Dl.1.6.2.1. and thereafter »eight the U-values with 
jE and j2, respectively, (cf.Eqs.D.1.6.2.4. - D.1.6.2.6.). The 
c c 
total relative root uptake then becomes: U. = -s— (A »U +A »U ) 
t A c P P u u 
The median values used for the calculation of 0 and U were, 
„ - * • P u 
respectively, 10 cm and (a_ VxT + 20) cm. In the last quality 
am was the secondary fallofit-weighted median depth calculated 
analogously to am (cf.Eq.D.1.6.2.2.), applying Eq.D.1.6.2.7. 
for the calculati8n of the secondary fallout rate to the 
under1aying layer. 
Table D.l.6.2.2. Calculated effective half-lives 
90 
for root uptake of Sr fro« cultivated soils. 
Period 
1950-1964 
1965« 1975 
1976-19*9 
1990-2000 
c • 0, 
18 
IS 
16 
16 
(uni t s : years) 
a - 2 
,1 c - 0.2 
16 
14 
c - 0.4 
13 
13 
12 
13 
Cf. the remarks to Table D.1.6.2.1. 
The relative root uptakes U for each year were then compared 
90 by a correlation analysis with the corresponding Sr soil levels 
90 for various effective half-lives of Sr. For c-values varying 
from 0.4 to 0.1, the best fits were obtained for effective 
half-lives of 13-18 years (table D.1.6.2.2.). In the next 25 
years the effective half-life in cultivated soil will, accord-
ingly to the model, decrease to 12-16 years, provided that the 
fallout rate continues to decrease. The estimated half-lives 
90 
for Sr in cultivated soil were similar to those for un-
cultivated soil. The decreasing tendency of the half-lives 
estimated in cultivated soil was due to the modifying effect 
of the ploughing layer, which as long as the bulk of the 
activity remained in this layer enhanced the relative root 
uptake due to the constant median depth of this layer as 
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compared with the decreasing median depth of untouched soil. 
When the fallout rate decreased, the relatively rapid downward 
transport of the activity from the ploughing layer reduced the 
effective half-life in cultivated soils. 
Tabl* p . 1 . 4 . 2 . 3 . Calcioai * •* s tak l* t t m U a l a tfc* s e l l 
«>f th* plowfhiaf layer c o l l e c t s * trtm 10 p—lih f n i — u l 
i U M IB 1944 
Location 9 Ca k*_1 aaj Sr k*"1 aaj $r (« Cal'*1 
Tylstrup 0.9« 2.4« 2 . SI 
M O B 2.S2 7.39 2.02 
Studs«Ard 1.3« 4.2« 3.30 
JUkor 1.90 4 . 57 3.44 
Jyndevad 1.33 4.10 3.1« 
Blanestsdoåxd 4.14 12.4« 3 .M 
Tys to f t* 2.54 4.43 2.S1 
Vinaaaird 1.97 4.02 3.44 
Abed 7.93 14.44 2.3S 
Akirkaby 1.9« 4.34 2.24) 
Maan 
SE 
Hadian 
2.47 
0.45 
2 . 0 
7.34 
1.52 
4 , 5 
2.04 
0.1S 
2 . 9 
Th* determinations wer« perfbaaaa on dried s o i l t 
extract . 
D.2.2.1. Influence of variety on radionuclide concentrations 
in cereal grain 
Several authors have examined the influence of species and 
variety on the indirect contamination of cereal crops. LEE et 
al. (Le65) thus observed that seeds of Thatcher wheat contained 
ee 
70-75% of the Sr concentrations found in Moncalm barley and 
Prolific rye. In a later study (Le69) it was observed that 
Thatcher wheat showed 5Sr/ Cs ratios which were only 80% 
of those in Chinook wheat. SMITH et al. (S*63) found that 
Sr/Ca ratio? between 20 varieties of barley varied a factor 
of 2.1 and between 20 varieties of wheat a factor of 2.0. 
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In the- present Material
 t both the *°Sr and the Cs con-
centrations in winter and spring varieties did not as a whole 
differ significantly from each other. In the case of *°Sr, the 
winter varieties (Starke, Cato, and Cranich) of wheat probably 
(p _< 0.05) contained no re activity than the spring varieties 
(Koga, Sappo, and Kolibri), which nay be doe to a greater root 
intake of *°Sr by the winter wheat (cf .fig.D.2.2.1.). A study 
of 17 varieties of barley collected in 1965 at Askov showed 
that the variance between varieties was not significantly 
greater than the analytical error. The lack of intervarietal 
difference nay be due to the dominating influence of direct 
contamination in 1965. Considering the period 1967-1975, when 
the direct contamination was less important than the indirect. 
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• f »lyslUca 
ly kif lMr af Sr 
an anova of pCi ^Sr (g Ca) - 1 in whe«.t varieties showed that 
Cato wheat contained 1.6 tines higher levels than Kolibri wheat. 
A similar anova of 7 barley varieties did not reveal any 
significant differences. 
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Anovas of the stable Sr to Ca ratio in the various varieties 
of the 4 grain species studied showed (fig.D.2.2.1.) that wheat 
and barley varieties contained the highest mg Sr (g Ca) 
ratios. The variation of the Sr/Ca ratio within a species varied 
between 1.5 and 1.9, which was close to the range observed by 
SMITH et al. (Sm63). If the time variation of the varieties 
used was studied, it appears that, for rye, Petkus has in recent 
years replaced Kongsrug, which was more frequent in the first 
years of observations; this has resulted in a slower decay in 
90 -1 the pCi Sr (g Ca) levels in rye than would have been 
expected if there had been no change in varieties. In the case 
of barley, the time trend has been from Bonus over Pallas to 
Emir and Siri. Figure D.2.2.1. indicates that this change in 
90 
varieties might also have slowed down the decay rate of Sr, 
although less evidently than for rye. The time trend for wheat 
showed that Koga and Starke have been increasingly replaced by 
Cranich, Cato, Kolibri, and Sappo; however, this can hardly 
90 have influenced the time trend of the Sr/Ca ratios in wheat 
samples. Finally, for oats, the variety Stål was replaced by 
Astor, which in turn was to some degree replaced by Selma. This 
90 
could have increased the Sr/Ca ratio in oats in 1970-1972, 
90 but it may have enhanced the general decrease in the Sr 
concentrations in recent years. 
90 D.2.2.2.1. Comparison between prediction models for pCi Sr 
(g Ca)" in cereal grain. In earlier publications (Aa66c, X, 
90 137 
Aa72a) various prediction models for the Sr and Cs con-
centrations in cereal grain were suggested. A comparison 
90 —1 
between the observed and the predicted pCi Sr (g Ca) values 
was made in table D.2.2.2.1. using the four models proposed 
throughout the years. Two years were tested: 1963 when the 
fallout rate showed a maximum and the accumulated fallout was 
moderate, and 1973 when the fallout rate was low and the 
accumulated fallout was relatively high. The comparison shows 
that the predictions have generally been improved throughout 
the years, and that the latest models gave the best fit to the 
observed values in 1963 as well as in 1973. It furthermore 
90 
appeared that the prediction for 1963, when the Sr con-
centrations in grain were high, fitted the observations better 
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90 
Table 0 . 2 . 2 . 2 . 1 . A comparison between observed and predicted Sr concentrations 
in grain using previous end present sode Is . The figures are the ra t ios of the 
pCi , 0 S r (g Ca)"1 l e v e l s . 
Model 
1966 
(Aa 66 c) 
196* 
(X) 
1972 
(Aa 72a) 
1974 
(MID 75) 
Year o f 
s a e p l l n g 
1963 
1973 
1963 
1973 
1963 
1973 
1963 
1973 
Rye 
0 . 7 « 
0 . 8 1 
1 . 0 « 
0 . 8 9 
1 .15 
0 . 5 6 
1 . 0 2 
1 . 2 7 
Bar ley 
0 . 8 2 
2 .74 
1 .04 
1 .48 
0 . 9 2 
0 . 8 3 
0 .99 
1 .05 
Wheat 
0 . 6 3 
1 .38 
0 . 9 2 
1 . 3 3 
0 . 9 8 
0 . 9 1 
1 . 0 3 
0 . 9 9 
Oats 
1 . 0 5 
1 . 3 2 
1 .00 
1 . 0 2 
1 .06 
0 . 6 1 
1 .00 
1 .00 
Mean 
s p e d 
0 . 8 2 
1 .56 
1 . 0 1 
1 . 1 8 
1 . 0 3 
0 . 7 3 
1 . 0 1 
1 . 0 8 
o f 
e s 
cv 
0 . 2 1 
0 . 5 3 
0 . 0 7 
0 . 2 3 
0 . 1 0 
0 . 2 3 
0 . 0 2 
0 . 1 2 
Mean of p r e v i o u s 
• » d e l s 
P r e s e n t Models 
( c f . Table C . 2 . 2 . 3 
N o s . 8 , 1 0 , 1 2 , 14) 
1963 
1973 
1963 
1973 
1 . 0 1 
C V J O . 1 6 
0 . 8 8 
CVt0.33 
1 .02 
1 .28 
0 . 9 4 
CVtO.lO 
1 .53 
CVsO.56 
0 .99 
1.04 
0 . 8 9 
CVt0.20 
1 . 1 5 
CVt0.21 
1 .03 
0 . 9 9 
1 .03 
CV:0.03 
0 . 9 9 
CVs0.29 
1 .00 
1 .01 
0 . 9 7 
CVtO.lO 
1 .14 
C V J O . 3 0 
1 . 0 1 
1 .08 
0 . 0 2 
0 . 1 2 
than the 1973 predictions when the levels were low. This was 
partly due to the fact that 1973 was incorporated in the last 
of the models only, whereas 1963 was represented in all models. 
Furthermore, the analytical error of the 1973 figures (due to 
the low activity levels) was greater than that of the 1963 
determinations (the residual error was thus 20% in 1973, but 
11% in 1963). 
D.2.2.2.2. Error estimate of prediction models for grain. To 
assess the uncertainty of the radioecological sensitivities 
estimated from the prediction models, the material was divided 
into even and odd years. Thereafter the prediction models and 
the corresponding sensitivities for each set of years were 
calculated. These calculations showed in the case of grain 
that the relative standard error of the mean of the two 
determinations was approx. 10%. A similar error was found for 
the mean sensitivity determined by the different models applied 
to the same sample type (cf.tables C.2.2.1. - C.2.2.6.). 
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D.2.4.1. The calcium and potassium content of Danish, Faroese 
and Greenlandic grass samples 
As for other vegetable products in this study, the radionuclide 
content of grass referred to fresh weight. Furthermore, for 
90 137 
Sr and Cs, the radionuclide content referred to the 
contents of Ca and K, respectively. Contrary to most other 
vegetable samples, the concentrations of Ca and K varied in 
the grass samples received, partly due to a varying water 
content of the samples and partly due to environmental factors. 
Where the Danish grass generally consisted of fresh green 
vegetation, the Faroese and especially the Greenlandic samples 
were generally withered hay. 
Table D.2 .4 .1 . Calcium and potassium in Danish, Faroese and Greenlandic grass samples 
(as received) . 
Area 
Denmark 
Faroes 
Greenland 
9 Ca kg-1 ± 1 SD 
(determinations and period) 
1.2410.34 
(19» 1963) 
1.511.1 
(21» 1964-73) 
3.311.9 
(34» 1963-73) 
g K kg"1 t 1 SD 
(determinations and period) 
7.013.2 
(55» 1964-70) 
0.416.2 
(20) 1964-72) 
1218.8 
(30» 1963-73 
References 
(RRD 63, RRD 59-76) 
(RRF 62-76) 
(RRG 62-76) 
The dry matter content of Danish grass was estimated at 20% from the Ca conter.c in th i s 
table and from the mean Ca content (g kg" dry matter) in rye-grass, cock's foot , timothy 
and meadow fescue determined by ANDERSEN (An 67a). The mean y i e l d in kg fresh weight per 
m was determined in June and September 1963 at the 10 s t a t e experimental farms In Denmark 
as 0.7410.24 kg m~2 ( 1 SD). 
The calcium concentrations in fresh grass were assumed to be 
equal to those in Danish grass, i.e. 1.24 g Ca kg (Table 
D.2.4.1.), while the potassium concentrations differed among 
the three regions. In the fresh Faroese grass the potassium 
content was estimated as: *- = 6.94 g K kg and in the 
Greenlandic samples as: 3*3 " 4.51 g K kg . 
These values were used in the calculation of the radioecological 
sensitivities given in the text (2.4.1.). 
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Table D.3.2.1. Feed units of various crops relativ« to 
those f roa 
Arc« of 
country 
(MM) 
(cf. Pig. 
A.1.4.2.1.) 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
grass. 
Poddar 
beets 
grass 
0.54 
o.eo 
0.51 
0.37 
0.39 
0.42 
0.22 
0.52 
Factory 
refuse 
grass 
0 
0 
0 
0.01 
0.09 
0.09 
0.90 
0.01 
Beat 
tops 
grass 
0.11 
0.12 
0.11 
O.OS 
0.1* 
0.16 
0.60 
0.13 
Straw 
grass 
0.24 
0.30 
0.21 
0.23 
0.32 
0.41 
0.52 
0.31 
Feed units 
fro« grass **) 
number of 
cows«) 
3000 
2900 
4200 
4100 
2700 
3200 
2700 
2900 
The ratios were the aean of the 1966 and 1971 production 
data (Da 57-77). Factory refuse mostly consists of beet-
offal froa sugar production and of »lasses. The feed 
unit of factory refuse was estimated at 1/3 of the feed 
unit of sugar beet for sugar production (Da 57-77). 
*) cows and heifers having calved 
*•) total grass production 
D.3.4.4. On the fallout rate used in the prediction models for 
samples from West Greenland 
In the prediction models for samples from the west coast of 
Greenland, e.g. lichen, grass, sheep and reindeer, the fallout 
rates measured at Godthåb were used as the only available 
relevant data. However, the amounts of precipitation decrease 
by nearly a factor of four along the west coast from Julianehåb 
- Godthåb in the south to Egedesminde in the north (Da63-76). 
The fallout rate may thus have been overestimated in the area 
of Greenland from where the samples were obtained, hence the 
radioecological sensitivity of the samples may have been 
underrated. On the other hand, no local variation was observed 
in the lichen and grass samples or in the reindeer. This 
suggested that dry fallout compensated for the lack of wet 
deposition at the northern locations (cf.1.3.1.), and that the 
fallout rate measured at Godthåb may thus be a reasonable 
estimate of the total deposition on the west coast of Greenland, 
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D.3.5.1. Calcium content of cod~flesh 
Of) 
Before the Sr determinations of fish flesh, the bones were 
removed as far as possible. However, for the samples received 
as whole fish the bone content of the flesh used for analysis 
was generally higher than for samples received as fillets. The 
samples of cod from Denmark and Greenland were whole fish and 
the flesh contained 0.90 + 0.26 g Ca kg"" (1 SDf 28 samples); 
the Faroese codfish samples, on the other hand, were fillets 
with a concentration of 0.11 + 0.03 g Ca kg" (79 samples) 
90 
only. As the Sr content of the flesh was proportional to the 90 
calcium concentration, because the Sr/Ca quotients in bone 
and flesh were similar, it was most expedient to apply pCi 
90Sr (g Ca) - 1 when the 90Sr « 
various areas were compared. 
 —1  
Sr (g Ca) when the Sr concentrations in codfish from the 
D.4.2.1. The importance of the variations in the composition of 
the Danish total diet. 
General comments to tables D.4.2.1.a. and D.4.2.1.b. 
The "1962 diet composition" was identical to the "3000 kcal 
diet" proposed at that time by HOFF JØRGENSEN (RRD62). The 
1975 composition was the annual per caput consumption in 
Denmark in 1975 according to Danmarks Statistik (Da57-77) (cf., 
however, the special remarks). The joule contents of the various 
diet constituents was estimated from (Da68). The Ca, Sr and K 
contents were the mean values determined throughout the years 
in the Risø diet studies (RRD59-76), except for the stable Sr 
contents in milk products, meat and eggs, which were estimated from 
UK data (Ag61) (cf. also 4.2.3.). The 90Sr and 137Cs levels 
were those measured in 1976. 
- 422 -
Tabic D.4.2.1.a. The contents of radionuclides and stable elements In the Danish 
total diet of 19S2 
Type of food 
Milk 
Cheese 
Grain products 
rye floor 
wheat flour 
grits (oat) 
Potatoes 
Vegetables'1 
Fruit 
Neat 
Eggs 
Fishb> 
coffee and teac) 
Beer, wine, etc. 
Water*1 
Sugar 
Fats, butter, etc. 
Total 
Daily a*an 
coaposition collected in 
Annual 
kg 
164 
9.1 
29.2 
43. S 
7.3 
73 
43.8 
51.1 
54.7 
10.9 
10.9 
5.5 
75 
47« 
54.8 
29.2 
197«. 
per caput quantities according to 19«2 diet composition 
GJ 
0.4« 
0.12 
0.40 
O.SO 
0.12 
0.27 
0.04 
0.11 
0.57 
0.07 
0.03 
-
0.11 
-
0.90 
0.90 
4.70 
g ca 
197 
75 
119 
117 
24 
4 
18 
4 
« 
S 
8 
3 
8 
34 
-
-
623 
1.71 
•9 Sr 
59 
23 
242 
260 
31 
12 
58 
12 
4 
8 
28 
15 
21 
310 
-
-
1083 
2.97 
•g Sr 
(g Ca)" 1 
- 1.74 
g it 
2C2 
11 
134 
88 
14 
270 
92 
72 
175 
8 
3« 
94 
-") 
-
-
1281 
3.51 
197« 
PCI ,0Sr 
«72 
263 
599 
169 
88 
124 
289 
118 
22 
10 
5 
40 
11 
-
-
2410 
6.6 
pCi 90Sr 
(g ca)" 1 
« 3.9 
1976 
PCi 137CS 
705 
30 
458 
177 
81 
161 
123 
102 
1384 
29 
643 
196 
40 
-
-
-
4129 
11.3 
PC1137C. 
(g K ) " 1 
« 3.2 
Special remarks to tables D.4.2.1.a, and D.4.2.1.b. 
a) The Ca figures for grain products included creta praeparata, 
i.e. 107 g Ca y in rye flour, 108 g Ca y in wheat flour 
and 20.6 g Ca y" in grits. The stable Sr contents in the creta 
preparata were 209, 232 and 25 mg y~ , respectively. The creta 
praeparata used in rye and wheat flour was calcium carbonate, 
while dicalcium phosphate was used in oat grits (Da68) . 
b) The fish consumption given for the 1975 diet corresponded, 
as in the case of the 1962 diet, to the net consumption of fish, 
The figure in the 1975 diet was thus approx. 5 kg y less 
than the figure in Danmarks Statistik (Da57-77), which was 
based on the amount of whole fish. 
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Table D.4.2.1.b. The contents of radionuclides and stable elements in the Danish 
total diet of 197S 
Type of food 
Milk 
Cheese 
Grain products3': 
rye flour 
wheat flour 
grits (oat) 
Potatoes 
Vegetables'' 
Fruit 
Meat 
Egg« 
Fi.hb) 
Coffee and teac> 
Beer, wine, etc. 
Watere) 
Sugar 
Fats, butter, etc. 
Total 
Daily mean 
composition collected In 
Annual 
kg 
175 
9.6 
20.4 
40. S 
7.2 
75 
49.4 
51.7 
69.3 
11.4 
15 
8.3 
110 
438 
47.5 
29.2 
1976. 
per caput quantities according to 
GJ 
0.49 
0.13 
0.28 
0.56 
0.12 
0.28 
0.05 
0.11 
0.72 
0.08 
0.05 
-
0.18 
-
0.78 
0.9C 
4.73 
g ca 
210 
79 
83 
108 
23 
4 
18 
4 
7 
6 
11 
5 
11 
28 
-
-
597 
1.64 
•9 Sr 
63 
24 
168 
240 
30 
12 
58 
12 
4 
9 
39 
25 
31 
248 
-
-
963 
2.64 
mg Sr 
(9 Ca) - 1 
- 1.61 
g K 
280 
12 
94 
81 
14 
278 
104 
72 
222 
8 
50 
156 
"} 
-
-
1407 
3.85 
1975 diet 
1976 
pCi »°Sr 
718 
277 
418 
156 
87 
128 
326 
119 
28 
10 
8 
57 
11 
-
-
2343 
6.4 
pCi 90Sr 
(g Ca)" 1 
- 3.9 
composition 
1976 
pci 137cs 
753 
30 
320 
164 
80 
165 
138 
103 
1753 
31 
885 
313 
58 
-
-
-
4793 
13.1 
pCi 137Cs 
(g K ) " 1 
- 3.4 
c) The coffee grounds and the used tea leaves contained some 
of the Sr and Ca present in the water used for the extraction. 
An experimental tracer study with Sr and Ca showed that 
coffee grounds absorbed 77% of the Ca and 75% of the Sr in the 
water. In the case of tea, the leaves absorbed 22% Ca and 17% 
Sr. It was further observed that 0.68 g Ca and 3 mg Sr per kg 
coffee beans were extracted into the liquid coffee. For tea, 
the corresponding figures were 0 g Ca and 2 mg Sr kg leaves. 
In 1962 the annual mean consumptions (RRD62) were 3.67 kg 
coffee and 1.83 kg tea per caput. In 1975 the consumptions were 
estimated at 8 kg coffee and 0.3 kg tea per caput (Da68). 
d) Samples of beer (Faxe, Carlsberg) and red wine (Spanish) 
-1 -1 
showed mean levels of 0.10 g Ca 1 and 0.28 mg Sr 1 .As the 
levels in beer and wine were similar, and as beer was more 
important in the Danish diet than wine, only beer is considered 
in the table. In a Japanese study of 37Cs in beer the potassium 
- 424 -
content was measured at 0.33 g K 1 (Sh68). This figure was 
137 
used and it was assumed that the Cs/K ratio in Danish beer 
from a given year equalled that in Danish barley of the 
preceding year. 
e) The annual per caput intake of water inclusive beer, wine, 
etc., was estimated at 548 1 (1.5 1 day ). The mean con-
centrations in Danish drinking water were 0.09 g Ca 1 and 
0.79 mg Sr 1~ . Assuming that 20 1 water were required to 
make coffee from 1 kg coffee beans, and 100 1 to make tea from 
1 kg tea leaves (Da68), the Ca and Sr figures in the table 
could be calculated from the experimental data in c) . If the 
coffee and tea were prepared as in the total diet analysis 
(where all water included in the analysis was used for the 
extraction), a tracer experiment showed that the Ca and Sr 
levels of the water included in the total diet sample would 
have been 63% of the original water content, i.e., in the 1962 
diet: 27 g Ca and 238 mg Sr per annum. Taking this into account, 
the expected daily intakes according to the total diet mea-
surements became 1.69 g Ca and 2.77 mg Sr, and the mg Sr 
(g Ca)~ ratio was 1.64. In the direct measurements on total 
diet (1961-1976), means of 1.73 g Ca d and 1.52 mg Sr (g 
Ca)"1, or 2.63 mg Sr d~ (cf. 4.2.3), were observed. The direct 
measurements were thus compatible with the calculated values, 
and the estimates of the absorption of Ca and Sr from the 
drinking water in coffee-grounds and tea-leaves were thus 
confirmed. 
f) The daily mean consumption of vegetables consisted of 50 g 
leaf vegetables, 30 g root vegetables and 40 g peas and beans 
(RRD62). It was assumed that the relative proportions between the 
three vegetable groups were unchanged in the 1975 diet composition. 
D.4.2.2. Assessment of the radioactive contamination of the 
Danish total diet 
The annual mean of year (i) for the total diet ("Diet C") was 
obtained as the weighted mean of the samplings in December 
(i-1), June (i) and December (i). The December samplings were 
each weighted by one, while the June samplings carried a weight 
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of two. Using this method all samples had the same weight in 
the material as a whole, because the December samples always 
contributed to two years. 
90 137 The assessments of Sr and Cs in the Danish total diet 
have, in general, given the same results both for "Diet C* 
and for "Diet P" (cf.fig.4.2.2.). The correlation coefficients 
between the methods were for Sr: 0.993 (15 years of 
137 
observations) and for Cs: 0.986 (14 years of observations), 
i.e. both highly significant. The mean ratios between the 
annual country means obtained from the direct measurement of 
a mixed total diet sample ("Diet C") and from measurements of 
the single components ("Diet P") were 1.05 + 0.12 (1 SD) for 
pCi 90Sr (g Ca) - 1 and 1.00 + 0.19 for pCi 137Cs (g K ) - 1 . 
Approximately 25% of the Danish population live in the 
Copenhagen area where food production is negligible. The food 
consumed by the Copenhagen population may originate from the 
entire country. It was thus not obvious that the radionuclide 
concentrations of the Copenhagen diet should correspond to 
those in the Zealand diet (zone VI). The mean ratio during 
90 1962-1976 between Sr in the Copenhagen diet and in the diet 
from the remainder of Zealand was 1.05 + 0.21 (1 SD) (df = 29) 
(pCi 90Sr (g Ca)"1 figures), and for pCi 137Cs (g K ) _ 1 the 
90 
ratio was 1.22 + 0.44 (df = 27). The Sr diet levels were 
not significantly different between Copenhagen and Zealand, 
137 but the Cs concentration was probably higher in the 
Copenhagen diet, suggesting a transfer of foods from Jutland to 
Copenhagen. 
An unweighted mean of the radionuclide concentrations in locally 
produced foods from the 8 zones (Table A.1.4.2.) may under-
estimate the average diet intake by the Danish population, 
because the four zones in Jutland, where the activity levels 
were higher, produced more than half of the diet consumed in 
Denmark. In the case of a total diet that also includes non-
local ly grown diet components (e.g. bread), the unweighted 
zone mean may also be lower than the population weighted mean, 
especially as a result of the transfer of foods from Jutland 
to Copenhagen. However, a comparison between the population 
90, 
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137, 
weighted means of " Sr and Cs in the Danish diet and the 
unweighted means of the levels in the 8 zones did not show any 
significant difference. 
It was thus concluded that whether use was made of population 
weighted means or the unweighted zone means of the direct 
total diet measurements ("Diet C"), or whether the con-
centrations obtained from single diet constituents were applied 
("Diet P") , the estimates of the M S r and 137Cs in the total 
diet were not significantly influenced. 
Table D.4.2.2. A comparison of the relative contributions from the various diet groups and cf 
the transfer coefficients P_, (I.e. the radioecological sensitivity) from deposition to the 
90 137 total Danish diet of Sr and Cs assessed by UNSCEAR (Un 77) and by the present study (Rise), 
P,, calculated from the 
measurements of the in-
dividual diet groups 
(cf. 4.2.2 and Table 4.2.2) 
HiIk products 
Cereal products 
Vegetables, potatoes 
and fruits 
Meat., fish and eggs 
Stront 
Rise 
30* 
42% 
26« 
2« 
ium-90 
UNSCEAR 
29* 
44« 
25* 
2* 
Cesium-137 
Rise 
17* 
39* 
10* 
34* 
UNSCEAR 
19* 
38* 
10* 
33* 
4.78 4.70 4.36 4.58 
P.. assessed from the 
total diet (cf. 4.2.2 and 
Tables C.4.2.1 and C.4.7.2) 5.110.33 4.01 4.4^0.15 4.08 
Units for P 21 
90 -1 
pCi'"sr (g Ca) x • y 
90 -2 per mCi Sr km 
pCi 1 3 7Cs (g K)" 1 • y 
137 -2 per mCi " Cs km 
on 
D.4.3.2. Prediction models based on diet levels for Sr in 
adult human bone 
Instead of the prediction models presented in figs.4.3.2.1. and 
4.3.2.2, one may calculate two models for adult bone _> 30 years 
omitting the requirement that all the individuals should be 
90 —1 
born before 1935. The equations for pCi Sr (g Ca) in adult 
human vertebrae frcm Jutland and the Islands, respectively, 
then became: 
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pCi W S r (g C a ) _ 1 ( i ) = 0.019 pCi 9 0 S r (g Ca)"1 in D i e t ( i ) + 
°-
028mSl P01 9 ° S r ( g C a ) ~ 1 i n D i e t i -m * e~0 , 2 3 i n 
( E q . D . 4 . 3 . 2 . 1 ) 
pCi *uSr (g Ca) x * 0.023 pCi Sr (g Ca) in D i e t ( i ) + 
0.023 ^Z pCi 9 0 S r (g Ca)"1 in D i e t i _ m • e " ° * 1 7 3 m . 
( E q . D . 4 . 3 . 2 . 2 ) 
The transfer factors estimated from these equations were: 0.14 
90 -l 90 -l 
and 0.15 pCi Sr (g Ca) ± • y in bone per pCi 'uSr (g Ca) x y 
in diet, i.e. nearly the same as those observed in figs. 
4.3.2.1. - 4.3.2.2., but the correlation between observed and 
calculated values was a little poorer than those in figs. 
4.3.2.1. - 4.3.2.2. (Jutland r = 0.9315 against r = 0.9343 and 
the Islands r = 0.8249 against r = 0.8835). 
If the age group 20-29 y was considered, the result for the 
entire country was: 
Qfi —i Qn —i 
pCi * Sr (g Ca) *± = 0.036 pCi * Sr (g Ca) x in Diet(±) + 
0.056 J^ pCi 90Sr (g Ca)"1 in Dlet1_in e"0*41"1 (Eq.D.4.3.2.3) 
90 The transfer factor for Sr from diet to bone for this age 
90 -1 group became P-™ - 0.17 pCi Sr (g Ca) y in bone per pCi 
90 -1 
Sr (g Ca) y in the diet, and the correlation coefficient 
between observed and calculated values was r = 0.9454. The 
turnover rate of the 20-29 y age group was 0.31 y" (cf.Eq. 
4.3.3.) corresponding to a biological half-life of 2.2 y. 
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90 D.4.4.1. Influence of the time of tooth sampling on the Sr 
concentrations observed in shed deciduous teeth 
To determine whether the Sr concentrations in shed deciduous 
teeth from a given birth year were influenced by the time of 
the sampling, anovas were carried out on the various types of 
tooth collected in the four sampling periods: a) 1962-1965, 
b) 1966-1969, c) 1970-1973 and d) 1974-1976. In the case of 
incisors and cuspids, it appeared that teeth from a given birth 
year showed significantly higher levels when they were from 
period c) than from b) and d), arid fvrther that period a) 
showed lower levels than b) (cf. also XII) . First and second 
molars did not show any significant difference among the 
various sampling periods. In the Faroese and Greenlandic 
material the tendency was the same. The difference observed 
between sampling periods was explained by the fact that teeth 
from a given birth year, received in the preceding period, 
mostly originated from children born in the first part of this 
birth year, while teeth from a subsequent period generally 
originated from children born in the last part of the birth 
90 year. As the Sr concentrations generally increased until 
1963, also within the years, and then decreased, the tendency 
observed among sampling periods becomes intelligible. The shed 
deciduous teeth have thus not shown any significant tendency to 
90 90 
an exchange of the tooth Sr with Sr introduced into the 
environment after the formation of the tooth. 
D.4.7.7. Collective effective dose equivalent commitment 
The International Commission on Radiological Protection (ICRP) 
(Ic77) has defined the quantity effective dose equivalent, H^ ,, 
as 
HE = I wT HT , (Eq. D.4.7.7.1) 
where H„ is the dose equivalent in tissue T and 
w is the weighting factor for each tissue and represents 
the ratio of the stochastic risk from irradiation of 
tissue, T, to that for the whole body when uniformly 
irradiated. 
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In the derivation of w_ the ICRP chose to consider the risk of 
fatal cancer in all body organs and tissues (other than in skin) 
and the hereditary effects in the first two generations. 
The collective effective dose equivalent, S„, is given by 
S„ = C H£ NCH^d*^ (Eq. D.4.7.7.2) 
where N(H )dH is the number of individuals receiving an effec-
tive dose equivalent in the range H„ to H_+dH_ 
t, E E _ 
Collective effective dose equivalent commitment, S , is 
g iven by : 
SE = i ° ° S E ( t ) d t ( E q - D - * - 7 - 7 - 3 ) 
where S„ is the collective dose equivalent rate. This quantity 
is taken as a measure of the total health detriment from 
exposure of a population to ionizing radiation (cf . the 
above qualifications). 
D. 4.7.8. The significance of the time distribution of fallout 
when applied for calculation of the radioecoloaical sensitivity 
The infinite time integral, IT, of the radionuclide concen-
tration in a sample from a given contamination of the environ-
ment depends upon the seasonal distribution of the contamination. 
This is especially evident for shortlived radionuclides. A con-
131 tamination of the pastures with I during winter will thus 
hardly influence the contamination of milk in the Nordic countri-
es because the cows are eating stored fodder at that time of the 
90 year. For certain nuclides in certain crops, e.g., for Sr in 
cereal grain, IT will be significantly higher if the contami-
nation occurs just before harvest than at any ether time of the 
year (cf. 2.2). 
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The radioecological sensitivity, RS, is defined as the infinite 
time integral in the sanple considered arising from a unit depo-
sition of 1 mCi km - of the radionuclide considered - distri-
9C buted throughout the year as has been the case for Sr on the 
average in the period 1962-1974, i.e. in January-February: 8*, 
in March-April: 17*, in Nay-June: 32* , in July-August: 25*, in 
September-October: 10*, and in November-December: 8*. In the 
89 131 
case of shortlived radionuclides, e.g., Sr and I, for which 
the seasonal distribution have been highly variable (because 
these radionuclides are strongly influenced by the fresh tropos-
pheric deposition), we have calculated the radioecological sen-
sitivity assuming a uniform distribution throughout the year. 
137 Let us assume that we have uniform distributions of Cs and 
on 
Sr throughout the year, which with approximation may be the 
case if we deal with operational releases from nuclear plants. 
For most samples the IT from an annual unit deposition would 
then be less than the RS, because the global fallout (used for 
the calculation of RS) during November-April is half of that 
during the summer season, when the production of crops takes 
place. Prom the prediction models we estimate that in case of 
li7Csz IT - 0.7 RS and for 90Sr: IT - 0.85 RS. In other words, 
if radioecological sensitivity is applied to releases uniformly 
distributed throughout the year the infinite time integrals of 
such releases are overestimated. 
In case of short-time deposition of longlived substances, e.g. 
by accidental releases, the seasonal influence on the conse-
quences is significant, especially for radionuclides with a low 
137 
root uptake such as Cs. Deposition of this radionuclide during 
the winter season will in Denmark have only little influence on 
137 dietary J Cs. 
D. 5.2.1. Statistical information on Danish agricultural 
produce with estimates of calcium and potassium levels 
The Danish Statistical Office (Da57-77) publishes annual stat-
istics on agriculture, gardening and forestry. The calculations 
of the inventories and transfers within the Danish agricultural 
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90 137 
ecosystem of Sr and Cs (cf. 5.2) were based on the stat-
istical data from 1975 assuming they represented a steady state 
situation. In the following tables the figures for production 
and use of Danish agricultural produce is shown, for animal 
produce together with the Ca and K levels in the various pro-
ducts. For the calculation of the inventories and transfers of 
90 137 
Sr and Cs the data in these tables were used together with 
the pertinent radioecological sensitivities shown in Appendix C. 
Table D.5.2.1 deals with the vegetable agricultural produce. 
It appears that the Danish agriculture is nearly self-support-
ing with vegetable produce. The import of concentraLes is ap-
proximately cancelled out by the export of grain and various 
seeds. In the main text we have assumed that the import and 
90 137 
export of Sr and Cs with vegetable produce counterbalance 
90 137 
each other, because an estimation of Sr and Cs in imported 
fodder is doubtful. The remainder part of the table indicates 
various losses (e.g. strawburning in the field), use for indu-
strial purposes (e.g. building materials) and use for food pro-
duction (e.g. sugar from beets). The various amounts in the 
table do not necessarily balance each other exactly because the 
use may be both greater or lesser than the production and import 
together for the year 1975. However, the deviations are imma-
terial in the present context. 
Danish animal agricultural produce is dealt with in Table 
D.5.2.2. The calcium concentration in the various animals is 
1.7* of the living weight and the potassium concentration is 
0.35* (We79). Beef and pork contain 0.1 g Ca kg and 3.2 g K 
kg" (RRD59-76), bone and meat meal contains approx 104 g Ca 
kg" (Br69) and marrow-free bone contains 150 g Ca kg~ (Ic59). 
The annual milkproduction in Denmark and its use are shown in 
Table D.5.2.3 together with the Ca and K levels in the various 
products, in the table imports have been neglected because it 
is immaterial (the import of cheese, is for example, approx 3* 
of the export). Total milk represents the total production of 
milk; hence the sums of the Ca and K contents of the various 
milk products should be equal to the calculated Ca and K levels 
of the total milk. This is, as the table shows, the case to a 
good approximation. 
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Table D.5.2.1. 
Rye grain 
Wheat grain 
Barley grain 
Oats grain 
Production and 
Production 
Area Amount 
km-2 
500 
1020 
14600 
1110 
Tg 
0.163 
0.52 
5.2 
0.37 
use of 
Fodder 
Tg 
0.035 
0.085 
4.6 
0.38 
Danish • 
Export 
Tg 
0.021 
0.23 
0.75 
0.007 
vegetable agricultural 
Import 
Tg 
-
0.015 
0.027 
0.008 
Danish 
human 
consumption 
Tg 
0.103b) 
0.205b) 
-
0.013b) 
produce 
Remainder 
Tg 
Total grain 17200 6.3 5.3 9) 1.0 0.05 
Straw 
Grass etc. 
Beet tops 
Roots 
Imported . 
concentrates ' 
Vegetables 
Fruits 
17200 
9000 
3000 
3000 
_ 
67 
100 
5.3 
231' 
4.0 
12.4 
-
0.185 
0.157 
1.64 
20 
3.4 
10*» 
1.4 
-
-
-
0.13h> 
-
0.042e) 
-
0.014 
_
 d> 
-
-
-
-
1.4C> 
0.071 
0.122*5' 
-
-
-
0.38e) 
-
0.25 
0.27 
3.7 
2.9 
0.6 
2 
-
-
-
a) 
b) 
Includes maize and oil-cakes and -meal. 
Flour and meal) the bran is partly used as fodder. 
c
'Estimated equal to fodder figure. 
d) 
e) 
Export of fruits was subtracted from the import. 
Potatoes. 
'0.32 Tg of molasses, pulp and dregs from the sugar production is used as 
fodder and included in the 10 Tg. 
9)0.16 Tg bran is included in the total grain figure for fodder, 
h) 
i) 
rape and various seeds of grass. 
Assuming 1 feed unit equals 7.5 kg grass (Da57-77). 
Table D.5.2.2. Production and use of Danish animal agricultural produce with estimates of calcium and 
potassium contents 
Production Fodder Human diet Export ' Remainder0' 
*> Gg- Gg ** GQ Gg *9 Gg Gg T9 Gg Gg Gg Gg 
cattle 
Pigs 
Poultry 
Bggaf) 
Bone and 
meat meal 
0.501 8.5 1.7S 
0.981 16.7 3.4 
0.106 1.8 0.37 
0.074 1.23 0.05 
0.108 11.2 0.58*' 
- (5.6,b) 
- <5.6>b> 
-
-
0.108 11.2 
(0.29)b) 
(0.29)b) 
-
-
0.58 
0.091 0.009$' 
0.216 0.022C> 
0.039 0.0031' 
0.058 0.029c> 
-
0.29 
0.69 
0.117 
0.041 
-
0.154 2.6 0.54 
0.560 9.5 1.96 
0.057 0.97 0.20 
0.016 0.27 0.01 
-
0.3 0.63 
1.6 0.46 
0.8 -
0.9 0 
0 0 
Assuming 1 kg soft tissue yielding 0.2 kg meat-meal and that 31% of the bone- and meat-meal being 
meat-meal (estimated from the Ca content). 
'Calculated from bone- and meat-meal assuming that one half comes from cattle and the other half from 
pigs (the slaughter loss being greater for cattle than for pigs). 
c) 
Exclusive of bones and shells. 
'inclusive of bones and shells. 
The remainder consists mostly of waste from households (e.g. bones and shells) but includes also goods 
used in industry (e.g. skin). 
''The weight of the egg shell is 10.5% of the total egg. The Ca content of the shell is 15% and the soft 
parts contain 0.5 g Ca kg"1 and 0.7 g K kg"1 (RRD59-76). 
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Table D.5.2.3. The Danish milk production and its use with estimates of the calcium and potassium 
contents in th* various products 
Total production Fodder Human consumption Export 
Tq C* K Tg C* K Tg C a K Tg C a K 1 9
 Gg Gg ** Gg Gg l g Gg Gg l g Gg Gg 
Whole milk and cream 
Skimmed Bilk and 
butter milkb> 
Dried milkC> 
Whey*' 
Cheese* 
Butterf) 
Total milka> 
0.71 
1.52 
0.123 
1.24 
0.148 
0.139 
4.9 
0.86 
1.90 
1.48 
0.41 
1.26 
0.02 
5.9 
1.14 
2.51 
1.97 
2.09 
0.18 
0.03 
7.9 
0.125 
1.31 
0.024 
1.23 
-
-
-
0.15 
1.(4 
0.29 
0.41 
-
-
-
0.20 
2.16 
0.38 
2.09 
-
-
-
0.56 
0.183 
-
-
0.049 
0.040 
-
0.67 
0.23 
-
-
0.42 
0.01 
-
0.89 
0.30 
-
-
0.06 
0.01 
-
0.033 
-
0.099 
-
0.099 
0.098 
-
0.04 
-
1.19 
-
0.84 
0.01 
-
0.05 
-
1.58 
-
0.12 
0.02 
-
*'These products contained 1.2 g Ca l-1 and 1.6 g K l - 1 (RRD59-76). 
b)These products contained 1.25 g Ca l"1 and 1.65 g K l"1 (Da68). 
c )As 1 kg dried milk ~ 10 1 fresh milk, the Ca and X contents were 10 times those of the fresh milk. 
'The Ca and K levels in whey were calculated from the levels in milk and in cheese. 
e>Chee*e contained 8.5 g Ca kg'1 and 1.2 g X kg-1 (RRD59-76). 
"Butter contained 0.15 g Ca kg'1 and 0.2 g X kg-1 (Da68). 
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ABBREVIATIONS AND UNITS 
J: joule: the unit of energy; 1 J = 1 Nm (= 0.239 cal) 
Gy: gray: the unit of absorbed dose = 1 J kg (= 100 rad) 
Sv: sievert: the unit of dose equivalent = 1 J ta (=100 rem) 
-l" *) 
Bq: becquerel: the unit of radioactivity = 1 s (=27 pCi) 
cal: calorie = 4.186 J 
rad: 0.01 Gy 
rem: 0.01 Sv 
Ci: curie: 3.7 • 1010 Bq (=2.22 • 1012 dpm) 
12 T: tera:10 
9 
G: giga:10 
M: mega:10 
m: milli:10 
y: mikro:10~ 
n: nano:10 
p: pico:10 
-15 
f: femto:10 
a: atto:10-1 
cap.: caput: (per individual) 
TNT: trinitrotoluol; 1 Mt TNT: nuclear explosives equivalent to 
109 kg TNT. 
cpm: counts per minut 
dpm: disintegrations per minut 
OR: observed ratio 
CF: concentration factor 
Statistical symbols: cf. appendix B. 
Symbols used in prediction models: cf. appendix C. 
*) In the present study the curie unit has been applied for 
activity instead of the becquerel. Otherwise the comparison with 
other data would not have been feasible. In the conclusions, 
however, the activities are also given in becquerel. 
Notice: mBq y (kg)" per Bq m equals pCi y (kg)"1 per mCi km"2 
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(Reprinted from Nature. Vol. \U, No. 474*. op. 412-4*). 
November 5. IWO> 
SpKUk Fall-out Activity in Piwipimimi 
as a Function of Sanwtim? Hcwkt 
IN 1956-57 Herb« *t «/.' foumi a definite increase 
with height in the fall-out activity in vegetation 
from an altitude of 800-1,000 in. and upwards. 
This was ascribed partly to the slow growth of the 
vegetation with height and consequently 
greater accumulation of activity on it, and partly 
to greater fall-out at increased heights. Small' 
suggested in 195$ from examination of the variations 
in the natural activity of tne air (radium B and C). 
compared with the meteorological conditions at 
ground-level, that during inversion conditions the 
vertical transport of bomb debris from above would 
decrease. By comparing the fall-out in a precipitation 
collector situated in the top of a 123m. mast with 
that in corresponding collectors at ground-level. I 
found' for the period September 1958-March 1959 
more fall-out in the former than in the latter. 
It was therefore decided to examine the fallout 
activity in precipitation collected in different heights. 
At Riso, a 123-m. meteorological mast has been built 
for micrometeorologicai measurements4. At heights 
of 0, 7, 23, 39, 56, 72, 96 and 123 m. 1 lixed. at a 
distance of I in. out from the mast, eight 1-litre 
polyethylene bottles each provided with a 154 cm.* 
polyethylene funnel. The bottles were changed on 
the first of every month. 
After the bottles had been collected, the amount 
of rain-water in each was measured and strontium-, 
cæsium- and cerium-carrier was added. The content 
of each bottle was then analysed for strontium-90 
and -89, csesium-137 and cerium-144 by the method 
of Osmond el nl.*. The activities are given in pc./m.*, 
and in pc./l.. and are traced to the middle of the 
month. All the isotopes were determined for each of 
the ten months March-December 1959. except 
strontium-89 which was too weak in activity in the 
last months of the year for a reliable determination. 
A table with all the results of the measurements is 
given in Riso Report No. 14 (ref. A). Table I gives 
the annual average values for the specific activity 
at the different heights. 
A regression analysis on the figures in Table 1 
shows for all the isotopes an increase in specific 
activity with the height. Strontium-90 display« 
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cant of tb*'i'.**. In the lower regions. aversion is mora 
frequent, m the upper lew. In accordance with 
Small's result«*, it would be reasonable to suppose 
that these inversion condition* are one of the i—om 
why mere dry fell-out is found in the bottles pieced 
et the upper pert of the- meet then in those at the 
lower. Another factor contributing to the difference 
in activity will be the increasing wind velocity with 
increasing height* ; this will give rise to a greater 
deposit of airborne particles in toe higher bottles 
than in the lower ones'. Hence we get a higher 
specific activity in rain when the sample is taken 
at an attitude of, amy, 100 m. than at ground-
Furthermore, it seems probable that short-lived 
Ration products from fall-out would show a more 
pronounced variation with height than long-lived 
products. Thia ie to be expected if one assumes that 
the dry deposit is of greater partide-sise then the 
deposit from rain. Larger and heavier particles would 
be deposited more readily than fine particles', and 
conseqoenthr the fine particles will consist prefer-
entially of older fission products than coarse ones. 
As a roneeqiianrn of this, the sge of the fall-out will 
ilsuweii with increasing sampling height of the pre-
cipitation. As an example, the age determined in 
March 1059 from the strontium-89/strontium.OO ratio 
was 170 days at 0 m. and 148 days at 123 m. above 
ground-level. 
I thank Mr. Heine Hansen and Mr. Ulf Christiansen 
for many stimulating and inspiring discussions, 
•specially concerning the statistical evaluation of the 
results. 
A. AAKXBOO 
Health Physics Department, 
Danish Atomic Energy Commission, 
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Variation in the Ratio of Strontium-*? to 
Strontiunvft in Precipitation Samples with 
Sampling Height 
IT was shown that during March-December 1959 (ref. i) 
the specific activities of fission products from fall-out 
in precipitation increased with sampling height. Some 
ovidence was also found for an increase in the ratio 
"•Sr/^Sr with sampling height, but this increase was not 
significant ( P ~ 90 per cent). 
After the resumption of large-scale nuclear testing in 
September 1961, it became possible to repeat the experi-
ment over a longer period. The **Sr "Sr ratios were 
determined in precipitation collected at eight different 
heights in the meteorological mast at Riso after the 
principles used in 1959 (ref. 1). 
Table 1 shows the results for the 24-month period: 
October 1961-September 1963. 
The "Sr/"Sr ratios in Table 1 were treated as follows. 
The ratios were converted to the logarithms, because the 
figures were logarithmically distributed. The converted 
ratios for each month were divided by the corresponding; 
(converted) mean ratio for the month. The purpose of this 
operation was to eliminate the effect of the time variation 
of the ••Sr/**Sr ratios. The months were separated into 
two groups, one with high variance (I) and one with low 
(II). This was necessary for the performance of a regres-
sion analysis, where the differences in the variances hare 
to be insignificant. The two groups of months were each 
sub-divided into two sub-groups, one representing 'dry' 
month (rf), that is, months with less than 25 mm pre-
cipitation and another representing 'wet' month l«r), that 
is, months with 25 mm and more precipitation (Table I). 
The following regression lines were calculated: 
y = 1 + 01040 x 10-* (* - 46-55) (W) 
y = 1 - 0-4452 x 10 ' (x - 52-13) (Iw) 
y = 1 + 0-4050 x 10-* (r. - 52-13) (TW) 
y = 1 + 0-6857 x 10-' {r - 52-39) (TUr) 
(where y is the transformed a*Sr/**Sr ratio, anJ x is the 
sampling height). 
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Table 2. COMTABUOK or M I l o t s in Qsovr I ANALYSIS or vuuxci 
Som of »quarts Dcgnc* of Variation of deviation fnedom Vartanet Teit 
»boat linet 0-4147 57 0-7276x10-* 
between Dopet 0-5046x10-' 1 0-5046x10-* 604 
Table 3. Comuson or im« Lims « Osoirr II. ANALYSIS OI VAIIAKCI 
Sam of »qu»n» Degree* of Variation of deviations freedom Vårtene* Teet 
about lines 0-7678x10-' 114 0-6472 x 10-* 
between elopet 0-4952x10-' 1 0-4952 x 10-" 7-65 
An analysis of variance showed significant differences 
between the slopes for dry and wet months for both 
group I (P ~ 99 per cent) and group II (F > 99 per cent) 
(Tables 2 and 3). 
Hence, it is evident that in 'dry' months the slope was 
significantly steeper than in the 'wet' months, that is, the 
"Sr/*°Sr ratios in 'dry' months were significantly higher in 
the upper precipitation collectors than in the lower. An 
explanation for this phenomenon has been proposed 
earlier1: it is assumed that the dry deposit, which yields 
the higher concentrations in the upper precipitation 
collectors, is of greater particle-size than the deposit from 
rain. Larger and heavier particles will be deposited more 
readily than fine particles, and consequently the coarse 
particles will consist of younger fission products (greater 
»•Sr/^ 'Sr ratio) than the fine ones. 
I thank Mr. Heinz Hansen for his advice concerning the 
statistics. 
A. AARKHOO 
Health Physics Department, 
Danish Atomic Energy Commission, 
Research Establishment, Ris6, 
Roskilde. 
' Aarkrog, A., Naturt, 1*6, 482 (1960). 
Primed in Great Britain by Fisher, Knight A Co., Ltd., St. Albans. 
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Europium-155 in Debris from Nuclear Weapons 
Abstract. The lithium-drifted germamuwi detector enables determination of 
europium-155 on a routine basis in environmental samples contaminated with 
debris from nuclear weapons. From measurements of europium-155. cesium-144, 
and strontium-90 in air filters collected between J96I and 1966, the yield of 
europium-155 from weapons was estimated at 1400 atoms per 10s fissions, which 
is close to the yield of europium-155 from fast fission of uranium-238. 
In studies of circulation processes in 
nature, such as in meteorology, hydrog-
raphy, and ecology, debris from the 
testing of nuclear weapons has been 
widely used. The long-lived nuclides 
Sr!MI and Cs1"'7 are most commonly 
employed in these investigations, but 
radionuclides of medium-long life, such 
as Ce'44. Ru1"". Sb'-\ and Pm,4T, 
also have found some application*. The 
great spectral-resolving power of the 
lithium-drifted germanium detector has 
made it possible to include 1.7-year 
Eu,r,r' in this family of useful environ-
mental tracers (/). 
Europium-155 is a fission product 
having a thermal neutron fission yield, 
in U-:ir'. of 326:1c'1 (atoms:fission) 
(2). In debris from nuclear weapons, 
Eu"•"••'• was detected for the first time 
in 1957 in soil on Rongelap Atoll (3); 
later it was measured in global fallout 
in samples of rain water (4, 5), dust 
(5). lichens (i), plankton anil sea water 
(6), and marine sediments (7). Our aim 
has been to follow the concentration 
of Eutr,!i in ground-level air for a 
longer period, and. from these measure-
ments and simultaneous determinations 
of C'e1H and Sr"". to estimate the 
weapon yield of Eulr,r>. 
Since 1961. air samples have been 
collected at ground level at Riso, Den-
mark, by means of a 7.5-hp centrifugal 
pump handling air at about 108 m3 / -
month. The debris was collected on 
two Whatman-GF/A glass-fiber filters 
(each 56 X 48 cm) having a filter ef-
ficiency of about 100 percent (8); nor-
mally they were changed twice weekly. 
A monthly portion of 10 g of pressed 
filter, representing about 30,000 m3 of 
air, was measured on a 2.3-cm3 lith-
ium-drifted germanium detector {I) in 
concert with a TMC-256 multichannel 
pulse-height analyzer; the counter was 
operated as a Compton-rejection spec-
trometer (9). Most of the samples were 
counted for 1000 minutes. The 105-
kev photo peak was used for the 
calculations of Eu1*3; the 134-kev 
peak, for Ce'". All samples were cor-
rected for decay back to the middle 
of the month of sampling. 
The maximum of the Eu1"5 de-
terminations (Table 1) (10) occurred, as 
for other long-lived, bomb-produced 
nuclides (11), in June 1963 (Eu'"-\ 
0u25 pc/m-1) The Chinese nuclear 
tests, made since 1964. have resulted 
in transient increases in the atmospheric 
concentrations of Eu155 during the 
first months after the explosions. 
Along with the Eu ,r , i measure-
ments, Ce144 was determined; Fig. 1 
shows the Ce,44:Eu,r""' ratios and the 
decay curves for the mean ratios on 15 
October 1961 and 15 November 1962. 
Strontium-90 was determined by radio-
chemistry from paper-filter samples 
from another air sampler at Riso (/ /); 
the Eu1*':,:Sr"0 ratios calculated from 
these measurements appear in Fig. 1 
(bottom). 
For estimation of the mean ratios at 
formation, two periods (indicated by 
the solid decay curves in Fig. 1) were 
selected: (i) from November 1961 to 
August 1962—from the end of the 
1961 scries to the month when the 
fresh fallout from the 1962 series be-
came important; and (ii) from after the 
1962 series (from January 1963) until 
September 1964—the month before the 
resumption of atmospheric tests by 
China. The ratios from these two pe-
riods were referred to 15 October 
1961 and 15 November 1962, respec-
tively, the reference dates being the 
estimated mean dates for the 1961 and 
1962 series (12). 
Table 2 shows the mean ratios, and 
the standard errors of the means, cal-
culated for the two periods. It is not 
su-~rising that the relative errors of 
the Eu'-'-'-rSr^ 1 mean ratios are greater 
than the errors of the Ce'^rEu1"'5 
ratios when one considers that Sr90 
and EuIs:v were determined from dif-
ferent samples taken by different sam-
plers, whereas Ce144 was determined 
simultaneously with Eu153 from the 
same samples. 
Pre-1961 debris was disregarded in 
the following calculations because the 
contribution in 1962 from this old de-
bris was less than 10 percent; in 
1963-64, less than 5 percent (13). It is 
estimated that about 80 percent of the 
debris in 1963-64 came from the 1962 
series, the remainder coming from the 
1961 tests (13, 14). Thus the ratios 
on 15 November 1962 were corrected 
(Table 2) by omitting the contributions 
of debris from the 1961 series (15). 
While the Ce'^Eu1'-"' ratios on the 
two dates of formation are in good 
agreement, the difference between the 
EUi5.'.:Sr»o ratios is obvious; it may 
merely result from the greater error of 
the Eu'^Sr00 ratios, but it may re-
flect a real difference between the ra-
tios from the 1961 and 1962 test series 
—perhaps due to fractionation. This 
phenomenon is less likely to be im-
portant for the Cei44:Eul5:v ratio, as 
the precursors of these nuclides may 
be less volatile than the precursors of 
Srw (16). 
Table 1. F.uropium-155 in air samples (pc/IO* m1). The relative S.D. of a single deter-
mination was 2} percent (10). 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
19ft] 
0.11 
.55 
1.1 
1.9 
3.1 
5.8 
19*2 
3.6 
4.6 
5.1 
4.2 
6.4 
11.8 
9.4 
4.9 
3.7 
3.5 
4.7 
5.7 
1963 
J 0.0 
19.7 
17.2 
18.2 
25.2 
15.5 
7.6 
7.1 
8.1 
4.1 
3.6 
1964 
4.9 
5.6 
8.5 
12.1 
9.5 
10.5 
3.7 
4.0 
2.8 
0.83 
1.6 
1.2 
1965 
1.1 
1.0 
1.9 
1.8 
5.2 
1.3 
1.3 
0.66 
1.3 
1.0 
0.41 
.24 
1966 
0.27 
.43 
.36 
.44 
.59-
,60 
.36 
.28 
.21 
Xi. 
.16 
.06 
Table 2. Mean ratio« of formation of Ce"* 
and Eu'K and of Eu,r" and Sr" in debris 
from nuclear weapons. 
Date Ce'" : Hu*"' Eu,B": Sr" 
15 Oct. 1961 68 (S.E.,3) 0.84 (S.E.,0.13) 
15 Nov. 1962 71 (S.E.,2) .48 (S.E.,0.02) 
Corrected for 1961 debris 
15 Nov. 1962 74 0.47 
Mean ratios for 1961 and 1962 debris 
71 + 3 0.66 +0.19 
I I I 
1 O 
The mean ratios in Table 2 are rather 
dose to the ratios found for fast fission 
in U**» {CeM«:Eu1S5, 64.4; Eu>»: 
Si". 0.78 (2)]. Kuroda et al. (4) found 
a EuISS:Sr*° ratio of 0.24 in precipita-
tion on 16 October 1964; this ratio 
fits the decay curve in Fig. 1 excel-
lently. 
100 
50 
Harley et al. (17) have measured the 
weapon yields for CeH* and Sr*° at 
46,900 and 35,000 atoms per 10* fis-
sions, respectively. From these determi-
nations and the mean ratios in Table 2, 
the weapon yield of Eulr,G is calcu-
lated at 1400/10« (atoms/fissions). As 
1 kton of fission corresponds to 1.45 
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Fig. 1. Ratios Ce'^Eu'3* and Eii^Sf", with decay curves, in air-filter samples. 
X 1023 fissions (17), production of 
Eu,r':' by nuclear weapons is estimated 
at 72.6 kc per megaton of fission. The 
total fission yield of the 1961-62 test 
series was 101 Mtons (18), so that the 
total production of Eu155 in these tests 
was 7.3 Mc. 
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RADIOECOLOGICAL INVESTIGATIONS OF PLUTONIUM IN 
AN ARCTIC MARINE ENVIRONMENT 
A. AARKROG 
Health Physics Department, Danish Atomic Energy Commission Research 
Establishment Risd, DK-4000 Roskilde, Denmark 
(AWOT/5 Monk 1970; m nvistdform 1 May 1970) 
Abstract—Samples of the human food chain at Thule, Greenland, were collected during the 
summer of 1968, after the nuclear weapon incident in January. As was to be expected from 
the increased plutonium levels in bottom sediments, the highest animal levels were found in 
bivalves, Crustacea, poiychaeta, and echinodermata. The levels in these bottom animah were 
on the average two orders of magnitude as high as the fall-out background, in a few cases four 
orders of magnitude. Fish from the bottom water also showed an increased plutonium content 
whereas sea weed, plankton, sea birds, seals, and walruses did not differ significantly from 
the fall-out background. The plutonium concentration in sea water was twice the fall-out back-
ground. No samples displayed plutonium levels that wrre considered hazardous to man or 
higher animal* in the Thule district or in any othrr part of Greenland. 
t 1 
INTRODUCTION 
O N 21 JANUARY 1968, a B-52 aeroplane from 
the U.S. Strategic Air Command crashed on 
the ice in Bylot Sound 11 km west of Thule Air 
Base, Greenland (Fig. 1). By the impact with 
the ice the chemical explosive in the four 
unarmed nuclear weapons carried by the air-
craft detonated, and some kilogrammes of 
plutonium were released to the environment. 
Most of the contamination was confined 
within a dropshaped area of an approximate 
size of 700 x 150 m stretching southward from 
the point of impact. Bomb debris, wreckage 
from the plane and the surface layer of the 
contaminated snow in the drop-shaped area 
were removed by the U.S. Air force during the 
first few months after the accident and shipped 
in the autumn to the Savannah River plant in 
the United States. 
Preliminary surveys 
' Around the point of impact the ice was 
broken, and it was just possible that a few pieces 
of debris had gone through the ice and thus 
caused a contamination of the marine environ-
ment. From holes cut through the approx. 1 m 
thick ice, bottom sediments and plankton were 
collected in the first weeks after the accident. 
In a few cases these samples showed measurable 
plutonium levels. It could not, however, be 
ruled out that the samples had been con-
taminated by the surface snow during the 
sampling. Besides the marine samples a number 
of arctic foxes were analysed for plutonium; 
none of them showed significant levels. 
By the middle of February more than one 
hundred samples of surtace snow had been 
collected outside the drop-shaped area. The 
extra-sital contamination was found to be 
concentrated in .MO sectors, one extending 
southward to Narssarssuk and one westward to 
the south-west coast of Saunders Island. The 
maximum plutonium deposition measured was 
40 pCi/crn* (—0.4 Ci/km*), and the geometric 
mean of all samples was 0.4 pCi/cm* (^~4 mCi/ 
km1). From this snow survey it was estimated 
that the contamination of the Thule environ-
ment outside the impact area was few curies of 
»>Pu. 
Whether plutonium had been spread to more 
distant locations and especially to the neigh-
bouring Dundas village was checked by the 
sampling of surface snow from 25 locations 
around the coasts of Greenland, from station 
Nord in the north-eastern corner of Greenland 
to Dundas in the north-western corner. None of 
these samples showed any indication of surplus 
M
*Pu activity. 
HASLm carries on a routine collection of 
air samples at the Thule Geopol Station, which 
31 
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Fio. I. The sampling area at Thule, Greenland. Zone I has its centre at the point of impact. 
is located a few miles east of the air base at i 
259 m mountain hill. In January 1968 the 
*»Pu level was 0.067 pCi »»Pu/10* m* at Thule, 
which was somewhat higher than at the 12 
other northern stations (0.027 (I S.D. = 0.013)) 
in the HASL network. In December 1967 and 
February 1968 the Thule levels were 0.019 and 
0.045 pCi »»Pu/IO3 m»respectively. The **»Pu/ 
••Sr ratio in January was 0.056 at Thule, while 
at the other stations in the northern hemisphere 
it was 0.021 (1 S.D :0.002), and the *»Pu/»»Pu 
ratios were respectively 0.22 and 0.54 (I S.D.: 
0.23). Thus there is an indication of a surplus 
***Pu activity in January 1968 at Thule from 
the accident, although the increase is modest. 
The cleaning up of the crash site was very 
efficient, and it was estimated that only approx. 
25 Ci (±50%) remained on the ice. When the 
ice in June-July broke up in Bylot Sound, it was 
observed that the crash area drifted north-
ward. However, no observations revealed 
where and when the contaminated ice was 
transferred into the sea. A radioecological 
study when Bylot Sound was navigable was 
thus indicated, to obtain information on the 
fate of the released plutonium in the biosphere. 
Pnaccutinlal plutonium liaels 
Since 1959 HASL«» has measured the "Sr 
fall-out at Thule. The accumulated level for 
the period 1959-68 was 9.2 mCi/km*; the 
deposit prior to 1959 was estimated at 2.6 mCi 
••Sr/km* (from the ••Sr inventory in 1958 in the 
northern hemisphere1*'). Hence the total HSr 
deposit at Thule until 1968 was approx. 12 mCi 
••Sr/km* (not corrected for decay). 
Several authors"-*' have estimated the ""Pu/ 
••Sr ratio in fall-out (cf. Table I). In the follow-
ing a ratio of 0.023 is applied. The accumulated 
••Pu fall-out at Thuie was thus estimated at 
12 x 0.023 mCi/km* = 0.28 ~ 0.3 mCi/km1. 
The area of Bylot Sound is about 300 km2. 
Hence the total amount of plutonium in the 
sound prior to the accident was 0.1 Ci ~» 1-2 g. 
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Table 1. K»Pu/*°Sr ratios in/all-out 
Sample typ : 
Precipitation 
Ground-level 
Ground-level 
Ground-level 
air 
Sample 
period 
1958-1966 
1961-1965 
1963-1968 
1965 1968 
.Sample location 
Tokyo, Japan 
Italy 
U.K. 
New York 
Ratio 
0.01b 
0.022 
0.023 
0.024 
Author and reference 
MIVAJCE et ai.'*' 
BORTOLI it al.'3) 
CAMBRAY et al.w 
VoLCHOCK(1> 
The accident was thus expected to have 
produced an average increase of the plutonium 
burden at Thule by approx. two orders of 
magnitude, provided the main part of the 
contamination was confined to Bylot Sound. 
MATERIAL AND METHODS 
The Thult environment 
Thule is located in the north-western corner 
of Greenland at about 76°30'N and 69°W. 
The climate is arctic: during the winter 
(December-March) the mean temperature is 
—22°C, and in the summer months July-
August it is +4°C. For three months, beginning 
in November, the sun remains below the horizon, 
while for three and a half months during the 
summer the "midnight sun" shines. The 
climate is dry with an annual mean precipi-
tation of less than 100 mm.'" 
Bylot Sound is open from July to September. 
Between Saunders Island and Wolstenholme 
Island the ice may, however, disappear already 
in April. The sea water has a mean tempera-
ture of 0°C or a little less. The mean depth of 
Bylot Sound is 100 m: in the impact area the 
depth was nearly 200 m. 
The Eskimos 
The local population have two settlements 
along the coasts of Bylot Sound and Wolsten-
holme Fjord: Maniussak with 6-8 families and 
Nansarssuk with two families. Within a distance 
of 25 km from the crash site about 60 Eskimos 
are living. The total population of Greenlanders 
in North Greenland is approx. 600. 
The food chain at Thule** (Fig. 2) 
Phytoplankton is produced in appreciable 
quantities during the light time of the year. It 
can be extremely abundant, especially near 
the bird cliffs of Saunders Island, where the 
sea is fertilized by the guano froir the birds. 
The phytoplankton is eaten by zooplankton 
animals as well as many of the bottom animals. 
Zooplankton is found the year round from the 
bottom to the surface. In winter it is mos. 
abundant near the bottom and consists mainiy 
of sagitta, aglanta and calanus. In summer, 
species of medusas, stenophores, pttropods, tuphasians, 
copepods, amphipods, mysis and fish larvae are 
found. The zooplankton is eaten by many lower 
sea animals, but also by fish and birds such a; 
the polar cod (Boreogadus saida) and the little auk 
(Plotus alle). 
Bivalves, Crustacea and other bottom animals. The 
sea bottom in Bylot Sound consists of fine clay: 
in some places near the coast mixed with sand 
and pebbles. In the western part of the sound 
the bottom is rocky. Bivalves (cardium, macoma, 
5^0 Mdifntnlt 
I PhytoplqnMon |— 
fooplOftMon J-
^ 
Bottom ar»mot» 
| Brat 
C»himot» 
Fro. 2. Food chain* in an arctic, 
environment. 
s 
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chlamys, hxattlla and astarte), snails (butcinum), 
worms (poljchmtta), Crustacea (shrimps), tcho-
dermata (starfish, sea urchins, etc.) and corals 
are abundant, their total density amounting at 
certain locations to up to 450 g/m*. 
The sea bottom bivalves are eaten by the 
walruses and the eiders. The Eskimos occasion-
ally collect mussels (Mytilus tdulis) along the 
beach during ebb-tide; they also eat bivalves 
(cardmm, myo and hxoUlla) from the stomach of 
the walrus. 
Crustaceans are raten by ringed seal, cider 
and the Greenland halibut. 
Fish. The polar cod is the most abundant 
fish at Thule. It is eaten by the seals and whales 
and by Brunnick's guillemot. At the bottom, 
the families liparidat, IjcoOdm and the Greenland 
halibut (Reinhardtius kippoglossoidts) are found. 
A few halibuts are caught from the ice during 
winter and north of the Thule area. Shark 
(Somnius micToupkalus) and sea scorpion [Coitus 
scorpims) arc found along the coasts and caught 
for dog food. Commercial fishing does not 
take place in the Thule district. 
Walrus. A few hundred walruses arc caught 
every year in the Thule district. The meat, 
liver, kidneys, and heart are occasionally 
consumed by humans, but are primarily used 
for dog food. The walrus can take its food from 
depths of as much as 80 m. 
Other Seals. The bearded seal (Erignathms 
barbatus) and the ringed seal (Phoca hispid*) are 
common in both summer and winter, while the 
harp seal (Phoca groenlandica) is found mainly 
during early summer. The seal is the most 
important hunting animal for the Eskimos, who 
eat the meat, liver, heart and kidneys. 
Birds. The little auk (Plotus all*) breeds in 
millions in the mountains from Cape Atholl and 
southward to Melville Bay. It serves as the 
chief food of the arctic fox during summer. In 
May and June the Eskimos catch the little 
auk in nets and collect its eggs, in August they 
catch the young ones brfore they can fly. 
Briinnich's guillemot (Una lomoia) breeds on 
the western side of Saunders Island. The -.ggs 
are collected in the bird cliffs, and the birds are 
hunted in June and July. 
The black guillemot (Cephus grylle) breeds in 
the scree along all the coasts. It is shot especially 
in spring along the crevices in the ice. The 
AN ARCTIC MARINE ENVIRONMENT 
glaucous gull (LOTUS hyperbomu) and the kitti-
wake (Rissa tridactyla) breed in many places, e.g. 
on the cliffs of Saunders Island. They are shot 
in a modest number during summer. 
The eider (Somateria mollisima) breeds on the 
Eiderduck Islands and the Manson Islands and 
in other places. Some eider hunts are carried 
out during summer, but collecting of eggs and 
eiderdown is of greater importance. 
The raven (Corns corax) is common every-
where in both, summer and winter. It eats 
nearly anything that is edible. Many young 
birds are shot at the end of the summer and 
caught in fox-traps. 
Other animals. The white whale (Dtlp/umapurms 
Uncos) and the narwhale (Momodøn nwnoant) are 
found in the Thule district, but the most im-
portant hunting ground for the whales is 
Ingleficld Fjord 60 km north of Bylot Sound. 
The arctic fox (Aloptx lagopus) is common 
hroughout the district, 1000-1500 being shot or 
caught every year. The meat is sometimes 
eaten, but the animals are primarily hunted for 
their skins. 
The polar bear (Ursus mantimus) is an occa-
sional guest in the area. The bear feeds on the 
ringed seal. Between 20 and 25 bears arc shot 
annually in North Greenland. The. meat is 
eaten. 
The hare (Lepus variabilis) eats grass and other 
vegetation. It is shot in small numbers. 
The sampling programme 
The samples were to be collected in three 
zones. Zone I was a circular area with its 
centre at the point of impact and a radius of 
1 km. Zone II consisted of the remaining pan 
of Bylot Sound and Wolstenholme Fjord with 
the islands and coasts shown in Fig. I. Zone III 
was a control zone, situated outside the area 
shown in Fig. I, and included Qanaq about 
100 km north of Thule AB. Samples were first 
collected in zone II, then in III and finally in I; 
by this order it was ensured that possible hot 
samples from zone I did not contaminate the 
samples from zones II and III. 
Sea water, bottom sediments, zooplankton 
(shrimps) and bivalves were considered the 
most important samples because the levels in 
them would be decisive for the levels in the 
other links of the food chain (Fig. 2). The 
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secondary samples were excretions or intestinal 
contents from scab and birds, besides seaweed 
and fish. Finally human urine samples were 
collected from Xarssarssuk. 
The scientific expedition consisted of one 
zoologist, one marine biologist, one hydrog-
raphcr, one lichcnologist, two health physicists, 
and two assistants for the sampling. The investi-
gations began in the last week of July and were 
in all essentials finished by the end of August. 
By then more than 150 samples had been 
collected for plutonium analysis. 
The marine sampling was carried out from 
the good ship "Agianta," the former Greenland 
fisheries and marine research vessel. The 
sampling from the shores was carried out partly 
by motor boat, partly by USAF helicopters. 
The samples were in many cases collected 
with specially constructed equipment. Bottom 
sediments were thus collected bv means of a 
0.1 m* bottom sampler, which collected only 
the uppermost centimetre of the sea floor. 
Shrimps and polar cods were caught in a shrimp 
trawl, and sea water was collected from different 
depths with a 1001. water sampler. Bivalves 
were caught with an ordinary triangle dredge. 
Sémpb treatment 
The biological samples were kept at — 10*C 
until the processing in the laboratory could take 
place. The solid samples were ashed at 600'C, 
and MPu spike and Fe-scavenger were added 
to 2-10 g ash for one analysis. Potassium 
pyrosulphate was mixed with the ash in the ratio 
3:1, and the mixture was heated to melting. 
By this treatment the oxidation step of plutonium 
was adjusted to +4 and all plutonium brought 
into a soluble fam. The plutonium was precipi-
tated as hydroxide along with the iron scavenger. 
Then the mixture of iron and plutonium was ion 
exchanged on an anion resin, which separated 
the iron from the plutonium. Finally the 
plutonium solution was subjected to extraction 
with l-phcnyl-3-methyI>4>bcnzoyl-pyraiolonc-5 
in xylene. The organic phase, which contained 
the plutonium, was evaporated on a stainless-
steel planchette, ignited and counted on a 
silicon surface barrier counter connected with a 
256-channel analyser. The detailed chemical 
procedure has been described elsewhere."*' 
The sensitivity of the procedure, defined as 
three times the activity found in a blank, was 
better than 1 fCi/!.(10-"G/l.) sea water for* 
501, sample (the normal sixeof sea water samples 
for analysis) and approx. 10 fCi/g ash for a 4 g 
ashed sample. Most samples were counted for 
4 x 1000 min and from the four countings the 
S.E. of the results was estimated. If the error 
»as greater than 33%, the sample was not 
considered significantly different from zero 
background. Such samples are denoted by a B 
in the tables. Samples with errors between 20 
and 33% arc denoted by an A. Some samples 
were analysed m o t than once and in those 
cases ± I S.E. was indicated. 
RESULTS AND DISCUSSION 
Semwder 
It is evident (cf. Tables 2-5) that the pluto-
nium levr's in sea water were so low that in 
several cases it was impossible to demonstrate 
whether the levels were at all above the zero 
background. However, it seems probable that 
water from Eylot Sound contained significantly 
more plutonium than sea water collected from 
localities outside Thule (zone III). The median 
level of m P u in sea water from zones I and II 
was approx. twice the fall-out background in sea 
water, which from Tables 4 and 5 was estimated 
at 2 fCi/l. 
Pruju it d.m have earlier measured the 
a
*Pu levels in Pacific sea water, and in surface 
sea water collected near the Califbrnian 
coast in January-April 1964 they found 0.35-
0.39fCi/l. On the high seas, respectively 1500 
and 2500 km from the coast, they found 1.9 
and3.0fCi/I.; the »»Pu/^Sr ratio of the sample 
taken 2500 km from the coast was 0.008, i.e. 
somewhat lower than in fall-out (cf. Table 1). 
The present estimate of the fall-out back-
ground in ocean water is in reasonable agree-
ment with the observations ofPillai et él. as far as 
their results from the open Pacific are con-
cerned. Their levels in coastal waters are, how-
ever, definitely lower than the present results, 
although there arc some indications of lower 
plutonium levels also in the Danish inner waters, 
whereas the **Sr levels are higher in the inner 
waters than in the open sea. Thus the nediin 
level of the ***Pu/**Sr ratio for Greenland sea 
water outside Thule (cf. Table 4) was 0.018 (i.e. 
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TrnUti. 
Location 
The Sound 
i h c 5ound 
TheCatcgat 
TbcCatcgat 
The Great 
Bch 
The Great 
Bek 
The Baltic 
The Baltic 
The Bank 
The Caiegat 
TheCategat 
Median 
ekse to the ral 
n
*PuatMi t måtrjnm tim i 
Position 
N 
55*5*}' 
»*56 ' 
wor 56*07' 
55*21' 
55*21' 
54*2«' 
54*28' 
55'OT 
5 7 * « ' 
57*48' 
tio in faIl-4 
E 
irsar 
iryy 
11*07' 
11*07' 
11*02' 
11*02' 
iris' 
12*15' 
12*55' 
10*42' 
10*42' 
M U L wfaik 
A. AARKROG 
— T DmmJt mmtm oCucfcd m 
Sample depth 
— 
rfn 
0 
32 
0 
32 
0 
31 
0 
23 
0 
0 
70 
r Danish 
Satnapbne 
date 
Oct. 10 
Oct. 10 
Oct. 11 
Oct. II 
O c t . l l 
Oct. 11 
Oct. II 
O c t 11 
Oct-12 
Oct. 26 
Oct. 26 
Seai0UmmttA 
Orfefcr 1968 *r 
Salinity in 
19.2 
35.7 
21.3 
33.6 
20.1 
33.3 
12.6 
20.7 
7.6 
34.6 
35.6 
37 
At "DANA" 
(K3/I-) 
2.IA 
~ 0 2 B 
0.7B 
1.6 
I.I 
2.9A 
3.6 
1.7 
ISA 
~ 0 . 1 1 
-.1.2*1 
1.6 
•Mnk/**Sr 
0.003 
0.001 
0.002 
0.0ft 
0.003 
0.012 
0.005 
0.083 
0.002 
0.001 
0.005 
0.003 
inner waters (c£ Table 5) it was only 0.003. 
It was not possible to show any significant 
difference between the plutonium levels in 
surface- and bottom-water, although in certain 
cases the **Sr levels differed markedly (cf. e.g. 
the samples from Qsuuq in Table 4). This is 
in agreement with observations made by Bowm 
and SvcntAKA on lanthanides1*' ("Hie and 
MTPm). They supposed that these lanthanides 
were removed on particles sinking at a rate of 
about 100 m or more per month. 
Let u* suppose the mean concentration to be 
2 fCi *»*Pu per litre sea water in Hyiot Sound 
owing to the accident. The total volume of the 
sound » about 300 -10» -100 -10 = 3 -10» I.; 
hence the total ***Pu content from the accident 
dissolved in the sea should be «^4.06Ci. A 
number of samples (cf. Table 2) were filtered 
through a I /i millipore filter before the analysis; 
and filtrate and filters were analysed separately. 
These analyses gave no unambiguous indications 
of significant amount* of particulate activity in 
the water samples. However, it is believed 
that the few samples that showed relatively high 
levels (>IOfCi *%*Pu/l.) contained particulate 
activity, probably particles stirred up from the 
bottom during the sampling. Most samples 
were collected near the bottom (cf. the tables) 
as it was believed that the highest concen-
trations would be found there. 
The plutonium from the accident was present 
as r\iOj with a median particle size of 2/((S.D. 
1.7).(*> Many of the plutonium particles were 
attached to inactive material such as tud, 
burned plastic, etc., with a median diameter 
ofdteinvt particles 4-5 times that of the pluto-
nium particles. Sedimentation eapcrinMSMs'** 
on melted ice cores showed that 85-95% of the 
debris and associated plutonium oxide sank 
immediately in water, and that only I % was 
suspended as fine particles in the water phase. 
The remaining part was retained on th» surface 
together with a thin film of fine, carbonized 
material. It was thus to be expected that most 
of the plutonium that had not been IUUWWI by 
the decontamination of die accident area was to 
be found on the sea bottom. It was, however, not 
certain that the main part of d»e activity was 
concentrated below the point of impact in 
zone I as appreciable amounts might have 
drifted away on the ice before sinking to the 
bottom. 
Table 6 and rig. 3 demonstrates that zone I 
showed higher levels than zone II, but it » 
evident that high levels could also be encountered 
outside zone I (cf. locations 30 and 17). Let us 
suppose that most of the activity had been 
concentrated within an elliptic area stretching 
from locations ?*> and 14 through zone I to 
locations 17 and 30. The median deposition in 
IV 
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_ 
mm 
I 
n > i " r 
(e£ Fi». 1) 
12 
14 
17 
19 
30 
32 
43 
• 
-
 r _ 
date 
Aug. 12 
Aof.12 
Aa«. 10 
Aof. 13 
A n * 11 
Aot>l3 
A*a>20 
pQ/ka* 
a io 
u 
2 A ±03 
1.1 
1« ± 5 
1.3 ± 0 2 
a » ± 0.01 
1.3 
uJbg*tl9SB*TUt,C-mimJ 
a C S K 
or 
mO/faa* 
a 19 
3.9 
9.7 i 1.4 
0J4 
71 ± 2 0 
5 3 ± 0 i 9 
Q L 9 2 ± 0 I M 
34 
WftyMOpt 
0.020 
aoi4 
I 
/ H 
CO 
57 
30 
3C 
59 
53 
52 
SI 
r i i f i i 
Aag.22 
Aaa>22 
Aag.22 
Aag.22 
Aag.22 
A « 22 
Aa*>22 
Aof>22 
Aog.2? 
7.0 
13 
?9 
130 
11 
IS 
8.4 
72 
52 
16 
67 
120 
112 
1300 
135 
125 
40 
•30 
340 
135 
0.020 
FM. 3. The ! I96S at ike tea floor at Tank, GrocaJand. 
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this area is appro*. 0.1 Ci/km*, and the area is 
about 30 km*. Hence the total deposition of 
plutonium within this area is 3 Ci. The (all-out 
background is estimated from location 12 to 
equal 0.2mCi/km* or 0.1 pCi/g scabottom 
sediment, i.e. the same concentration as found 
by Pmju ( ,w at the Califbrnian coast. 
It is evident that the measurements of the 
bottom sediments could not account for the 
total amount of plutonium (~25 Ci) supposed 
to have been released to the marine environment 
of Thule. As the highest level (1.3 Ci/km«) was 
found 1 km northwest of the point of impact, it 
seems probable that zone I with a total deposi-
tion of 0.4 Ci does not necessarily represent the 
maximum deposition in Byiot Sound. There 
may have been an area north of zone I, which 
might have shown even higher levels. One more 
thing should be kept in mind, namely that some 
plutonium might have attached itself to pieces of 
debris not included in the samples. 
Butlms 
Table 7 shows that the soft tissue of bivalves 
collected in Bylot Sound in nearly all cases 
showed levels above the fall-out background, 
which is estimated at less than 10 pCi ***Pu/kg 
soft tissue. The lowest levels were found at 
locations 26 and 2. Bivalves collected in 
October 1968 in Danish Inner waters contained 
0.048 pCi/g ash or 7 pCi mPu/kg fresh weight. 
The plutonium activity in the bivalves was 
very unevenly distributed, double determina-
tions (sec stations 15, 17 and 32) showed a 
standard error far greater than the analytical 
error, which in most cases was less than 10%. 
The bivalves could thus not be considered in 
equilibrium with the sea water, and a calcula-
tion of a concentration factor would be 
meaningless. Besides, bivalves are always 
'contaminated by the sediments, and it seems 
possible to calculate real concentration factors 
only when the bivalves have been free from 
contact with insoluble particulate activity. 
Figure 4 shows the distribution of plutonium 
in bivalves collected in Bylot Sound. If we 
estimate the total amount of bottom animals at 
450 g/m*, and if all bottom animals were 
bivalves, the total integrated level of plutonium 
in bottom animals within the sampling area is 
0.15 Ci, which is 5% of the 
sition in the sea bottom Trdimeats (cf. above). 
An analysis of variance of the results in Tabic 
higher kvcb than the other bivalves (appro*, 
thirty times as much); whether this is due to 
the feeding habits of this species (ansaa* is a 
detritus eater) or to a greater lupcifkial con-
tamination of the animals is not dear. However, 
<MMM is a small bivalve, and the < 
tion with bottom material might have 
relatively great. It n especially 
that nacMM from I tcation 43, which ts ; 
IS km northwest of the point of impact, a 
plutonium fords nearly two« 
above the fall-out background, while the i 
species from this location differed only Bttte 
from the background. 
Bivalves have in the present study shown 
themselves to be suited for die 
monitoring of plutonium in a i 
rocnt. 
Crmstmtm 
In the trawl haub performed 
(cf. Fig. 1) Crustacea (mostly 
caught in appreciable quantities. Table. 8 
shows the plutonium levels in shrimps collected 
at Thule and Table 9 the levcb m shrimps 
contaminated only with the faD-out plutonium. 
The median level in total shrimps collected at 
Thule was three orders of magnitude above 
the fall-out background. As in the case of 
bivalves it was evident that the aciviry 
very unevenly distributed within the 
owing to the fact that the plutonium had been 
present as particulate matter rather than at a 
solution. 
The fall-out background levels in bivalves 
and shrimps indicate that the concentration 
factor from sea water to soft tissue b greater for 
bivalves than for shrimps, namdy ~3500 
against 750. These factors are, however, very 
uncertain owing to the great analytical error in 
the determination of these weak samples, and 
to the fact that as mentioned earlier, the con-
tamination of these bottom animah might be 
particulate. PILLAI tt jf.<T-IM found concen-
tration factors of approx. 250-500 for 
and of 2600 for mixed zooplankton. 
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Tatar 7. * • * * laafi m aanaWi oaartaf at .imp*t I 4 H m 
•Gfra* 
<<t Fif. I ) 
r isfe** «-rw 
II 
34 A«. 9 OLIC SJB 
IC 
IC 
1« 
17 
39 
29 
29 
29 
29 
29 
27 
27 
1« 
I « 
34 
29 
20 
19 
19 
32 
15 
14 
12 
12 
12 
2 
2 
43 
43 
43 
43 
43 
94 
9 t 
94 
172 
250 
97 
97 
97 
97 
97 
30 
30 
70 
70 
140 
22 
22 
155 
155 
195 
105 
210 
90 
90 
90 
1 
1 
100 
100 
100 
100 
too 
Aag. 14 
Aag. 14 
Aag- 14 
Aag. 7 fc 10 
A«* . !« 
Aae . I I 
Aag. 11 
Aag- I I 
Aag. I I 
Aag. 11 
Aag. 10 
Aag- 10 
Aag. 14 
Aag. 14 
Aag. 15 
Aag. 14 
Aag. 14 
Aag. 13 
An«. 13 
Aag: 13 
Aag. 13 
Aag. 13 
Aag. 12 
Aag. 12 
Aag. 12 
J«tf25 
.Mr 27 
Aag. 20 
Aag. 20 
Aag. 20 
Aug. 20 
Aag. 20 
J J 
2dS 
27 
109 ± 1 0 0 
51 
0L23 
0J0 
030 
29 
053 
OJ0 
0J2 
a43 
3S 
19 
0*7 
0J2 
0.75 
0.4 
80 ± 4 5 
« ±9 
12 
1.15 
1.44 
0J7 
023 
0L3S 
0J0 
0l2C 
0L55 
0.35 
105 
170 
107 
1093 
*m±xm 
tarn 
10 
C4 
C.7 
1500 
22 
I I 
10 
22 
1700 
915 
10 
5 9 
49 
090 
5400 ± 2401 
7 7 0 * * 3 0 
MO 
110 
95 
13 
4.7 
10 
32 
95 
21 
I7A 
500 
OJKO a 
0 9 I 4 Mm 
OuMS 
0.75 
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TtbUl. (mil.) 
Locatioi 
(ef. Fig. I) 
Zone I 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
Median 
Sample 
depth 
(m) 
188 
203 
217 
178 
178 
185 
188 
196 
198 
215 
Sampling 
data 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
Aug. 22 
A. 
pCi/gash 
from soft 
tissue 
15 
7.1 
5.2 
22C 
12 
1000 
140 
32 
250 
53 
42 
AARKROG 
pCi/kgsoft 
tissue 
820 
340 
950 
21000 
720 
76000 
8600 
8300 
25000 
7700 
8000 
M»PU/ 
**Pu 
0.032 
0.013 
0.012 
0.016 
0.015 
0.019 
41 
Species 
Mixed samples, manly of 
matt-m, Mwatha tuftr, 
fiitttflt, & asttrtt 
The shells of Crustacea normally contained 
more ***Pu than did the flesh, probably owing 
to surface contamination of the shells as the 
shrimps are bottom animals and thus live in 
close contact with the contaminated sea floor. 
It might, however, also be due to an accumu-
lation of plutonium in the shells. E. E.WAUD"1' 
has found that the concentration factor for 
lobster shells is two orders of magnitude as high 
as that for lobster flesh. 
> «* pCi '"Pu/»9 Und wight 
*?-tt pCI —»— » 
*f-*f pCI —•— .. 
Fro. 4. The **Pu levels in bivalves collected in August 1968 at Thule, Greenland. 
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Location 
(ef. Fig. 1) 
42 
44 
44 
44 
44 
44 
44 
45 
45 
45 
45 
47 
47 
47 
59 
Median 
Median 
Median 
7*Kf 8. ***Fu Urds m cnuamv (jarnata) ntUtfé 
Sample depth 
(m) 
235 
190 
190 
190 
185 
185 
185 
240 
240 
240 
240 
160 
160 
160 
196 
•Sampling 
date 
Aug. 18 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 21 
Aug. 21 
Aug. 21 
Aug. 22 
pG/gash 
0.55 ± 0.17 
5.3 
35 
38 ± 2 0 
45 
ISO 
155 
3.5 
3 3 
0.28 
1.7 ± M 
0.23 
4.1 
43 
0.87 
3.5 
4.1 
38 
m Awgut 1968 at TkmU.G 
pC5/kg 
m+mi 
frem weight *MFu/ tHru Sample type 
22 ± 6 
140 
2500 
1900 ± 1000 
1500 
11000 
12000 
95 
280 
6.7A 
102 ± 5 0 
7.4 
330 
3300 
41 
95 
330 
1900 
0.028 
0.018 
0.016 
0.013 
0.017 
0.033 
TtUt 9. ***Pu fawfj m ifvimpi frffirfrif mtoMt tkt Tkti* area 
Lektion 
SW Greenland i t 3964 
Jacohahavn, Greenland 
Inner Danish waters St. 1459 
Inner Danish waters 
Inner Danish waters 
Median 
tt. 14588 
s t 14589 
s t 14595 
Sampling 
date 
Spring 68 
Summer 67 
19 Oct 68 
18 Oct 68 
22 Oct 68 
pCi/gash 
0.09 ± 0.03 
0.03 
0.03 
0.02 
0.04 
0.03 
Total animal 
Fksh 
Shell 
Total animal 
Flesh 
Shell 
Total animal 
Flab 
Shell 
Fksh 
Shell 
FfcJ» 
Shell 
Tout animal 
Total animal 
Flesh 
Shell 
Total animal 
pCi/kg fresh 
weight 
3 .8±1 .2B 
1.1A 
1.5B 
0.9A 
2.2A 
1.5 
Ztcplmktcn 
Figure 1 shows the location of the plankton 
hauls, and Table 10 gives the results. The 
*°Pu levels in zooplankton are strikingly low 
compared with those in Crustacea. The reason 
might be that the zooplankton had not been in 
contact with the bottom as had the shrimps. If 
the concentration (actor found by Prmu tt d.m 
for zooplankton is valid for the Thule area, the 
expected level in zooplankton due to fall-out 
would be 2.10-*. 2600 - 5.2 pCi "»Pu/kg, 
which is close to the median level actually 
found. It has thus not been proved that the 
zooplankton samples contained any plutonium 
which could not be ascribed to fall-out. 
Stawttd 
Samples of sea plants [Fuau and Lmiamd) 
were collected along the shores of Bylot Sound 
and Wobtenholme Fjord. Tables 11 and 12 
show that the levels of plants collected around 
the accident area were not significantly different 
from the ***Pu levels in brown algae collected 
at other locations in Greenland. The concen-
tration factor in brown algae at Thule was 
estimated at 16/0.005 ~ 3.10*, which is twice as 
high as the factor of 1600 found for green algae 
{Enltntnorpha spp) by PILUU it a/.1" 
Brown algae (Fuau andLammtria) seem to be 
sensitive indicators of m P u contamination of 
sea water. 
IV 
23 
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TmtU 10. "f» Umds w »jlmklm mllmtwi m Jmfy-Aagntt 1961«! Tmmle.Cnmlmd 
Location 
(et Fig. 1) 
Sample depth Sampling 
dale pCifei 
pG/kg fresh 
weight Sample type 
2 
37 
39 
38 
41 
Tidal M M 
Tidal tone 
100-250 
40-200 
100-250 
July 25 
Aug. 16 
Aug. 17 
Aug. 17 
Aug. IB 
0.41 
0.48 ± 0.12 
0.18 ± 0.09 
30 
3 5 ± 9 A 
4.8 ± 2.4 Mixed loophmWm 
0.041 ± 0.009 0.90 ± 0 2 Mixed loophnkton 
0.12 1 2 Mixed tooplanktoa 
Median 0.18 4.8 
Tabt*\\.°*rutailimu*pU*srflKk4wJwfy-$*t. 1968at Thnlt,CrmmtmtI 
Location 
(rf- Fig. 1) Species 
Sanpling 
date PC/Cam 
pQ/kgwet 
weight 
37 
E 
E 
C 
G 
H 
Fwauip. 
Fucnsip. 
Ltmmtriasp. 
Fmcnsip. 
Ltmumittp. 
Fmtuisp. 
Funis if). 
July 25 
Aug. 9 
Aug. 16 
Aug. 10 
Sept. 18 
Sept. 17 
Sept. 17 
Sept 18 
0.70 ± 0.05 
0.44 ± 0.09 
1.49 
0.28 
0.16 
0.35 
0.33 
35 ± 3 
17 ± 4 
74 
15 
5.9 
16 
15 
Median 
Location 
Qanaq 
FtinsChr. Sund 
Danmarkshavn 
Godthlb 
7oWr 12. t**Pu Utitls in stm plants 
Species 
Fmousp. 
Fmcmsip. 
Fwouip. 
Fmcusip. 
0.35 16 
ott clt' in Gntrlmd outskm lim TknU arm 
Sampling 
date pO/g ash 
Aug. 24, 68 0.32 
Summer 68 0.23 
Summer 68 0.79 
Summer 67 0.21 ±0.03A 
pCi/kg frem 
weight 
15 
Various bottom animals 
The bottom samples collected by means of a 
0.1 m* Petersen sampler in zone I contained 
various bottom animals, pofychttU, ttkmodamata 
and bivalves. These animals were separated 
from the bottom material and analysed for 
plutonium. Tabte 13 shows that the levels 
corresponded to the levels found in bivalves 
from zone I. This is not surprising, fint because 
these animals live in close contact with the 
contaminated bottom sediments, secondly be-
cause they feed o.i each other; starfish e.g. eat 
bivalves. 
Fish 
A number of sea scorpions were jigged in the 
shallow waters near the coasts. Most of these 
samples showed no or very low level* of plu-
tonium. Samples of polar cod caught in trawl 
hauls around zone I showed measurable, 
although not high, levels of plutonium. The 
highest level (470 pCi/kg) was found in a bottom 
fish, the Greenland halibut, (cf. TrWe 14), 
which is understandable as this species feeds on 
shrimps among other things. The median level 
in fish was 36 pCi/kg and could not be consid-
ered in equilibrium with the sea water and thus 
IV 
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TM* 13. r**Pu Unit M nrinu h l ta «ww/i wfcrtrf — 22 its*, m vmitt TTaaV, CuaAii 
Location 
(cf. Fig. 1) Specks pCi/fash 
pCi/kf fro* 
•"Vu/**"«! 
9 stations in zone I 
60,52 
53, 55, 59 
55 
59 
52 
Worm (fWjtaaria) 
Surfah (Aiknién *>.) 
Starfish (Aiaimttn if.) 
Suvmh {ÅUrrmén sfi.) 
Starfish (4am*i «•.) 
Corals 
230 
4.3 
0.39 
7.3 
2.2 
170 
30,000 
190 
190 
1120 
490 
2*\000 
QUI I 
0JB4 
O0I9 
Location 
(cf- Fig. 1) 
TMt 14. a*Pu Imh mjhk o&ciatia Agate 1968 at Tlafc, C n ifi 11 
Species 
Sampan* 
date pO/f. 
pQ/fcg fresh 
21 
21 
40 
21 
45 
47 
44 
44 
44 
45 
47 
47 
Sea scorpion, roe 
Sea scorpion, bone 
Sea scorpion, total 
Sea scorpion, total 
Polar cod 
Polar cod 
Polar cod 
Greenland halibut 
\lJpmil**nd 
\Lyaii4at 
1 species 
Aug. 7 
Aug. 7 
Aug. 15 
Aug. 7 
Aug. 20 
Aug. 21 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 20 
Aug. 21 
Aug. 21 
0.023 
0.012 
0.030 
0.68 
0.41 
0.69 
7.4 
18 
5.6 
0.47 
0.83 
0.58 
0.26A 
I.32B 
0.87A 
14 
I9A 
34 
230 
470 
260 
33 
40 
38 
0.015 
Median of total fish 0.7 36 
could not be used for the calculation of concen-
tration factors. 
Sea bird > 
The median level of plutonium in entrails 
and intestinal contents of seabirds was 3.2 pCi/ 
kg; this was close to the mean level in zoo-
plankton, which is an important constituent of 
their diet. Samples of excrements from eiders 
contained relatively high plutonium levels. 
However, these samples were scraped from 
stone surfaces and thus inevitably contam-
inated with dust which might have contained 
plutonium. 
A similar drawback attached to two samples 
of eiderdown collected from eiders' nests on the 
Manson and the Eiderduck islands. These 
samples contained respectively 84 and 184 pCi 
***Pu/kg. Eiderdown is of special interest be-
cause the Eskimos collect the down and clean 
them by a procesi, which is rather dusty and 
might thus constitute a risk for inhalation of 
contaminants adhering to the down. 
Most of the seal and walrus samples were 
obtained from the Eskimos at Maniussak and 
Nansansuk. Two scab were shot by members 
of the expedition. The plutonium levels were 
low, as shown in Table 16, in fact lower than in 
any other animal group examined. At regards 
the walruses this is not surprising, as these 
samples were from animals killed before the ice 
had melted m the contaminated area, and that 
before the bivalves and other bottom animals 
had been contaminated. 
Seal and walrus meat was not examined, 
considering the low intestinal and stomach 
levels. 
Urine samples from the Eskimos at Nars-
sarssuk were collected three times; juit after 
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Location 
[ef. ¥«;. 1) 
I) 
4»> 
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T&bU 15. °*r*u /no'i in tea bird; collatedn Augut 19681 The*, OrtrdmU 
45 
Species 
tuder 
Eider 
Sampling PCi/bt (ran 
Sample type date, pCi/g ash weight 
Excrements 
Excrements 
Aug. 9 
E 
40 
40 
Zone I 
46 
Eider 
Eider 
Brunnkh's 
cuiikmut 
Bruruitch't 
euittemot 
Block 
guillemot 
Intestinal < 
Entrails 
Stomach 
Entrails 
Entrails 
Aug-18 
Aug. !7 
Aug. 22 
Aug. 20 
Median of cntraii, stomach and intestinal 
content 
0.45 
Auf. 20 2.5 
0.050 
0.040 
0.02 
0.17 
0.15 
0.05 
200 
1550 
Sample 
4JA 
3 3 
3.2 
T*bUH> *»VuUuUmimb sad walnut oiUtudm 1<*8 * TkmU, C~mU4 
Location 
(cf.Fig.l) 
C 
C 
C 
c 
c 15 
40 
37 
37 
37 
Median 
Species 
Walrus 
IValnis 
Walrus 
Walrus 
Walrus 
Harp seal 
ftincedseal 
Harp seal 
Harp seal 
Harp seal 
Sample, type 
Stomach contents 
(fish) 
Entrails 
Intestine 
Intestine 
Rectum 
Intestinal contents 
Stomach contents 
Stomach contents 
Stomach contents 
Stomach contents 
Sanmiing dale 
April-May 
June-July 
June-July 
June-July 
June-July 
Aug. 8 
Aug. 17 
Aug. 17 
Aug. 17 
Aug. 17 
• G / f * 
0.029 
0.14 
0.054 
0.032 
0.047 
0.057 
0.19 ± 0.05 
0.16 
0.0! 
0.037 
A05 
pCi/kg&afe 
weight 
0X5A 
1J0 
1.30 
9M 
1.37 
IJ00A 
4.4 ± 1JA 
2 J 
0.1B 
0.49 
1.3 
the accident in January, in September and in 
February 1969. A few of the samples from the 
first two collections showed measurable plu-
tonium levels; however, the possibility that 
these samples had been contaminated during 
the sampling could not be excluded. Thus a 
new set of samples was collected in February, 
and none of these sampm showed any traces of 
**»Pu. 
In the stronger samples (bottom : 
bivalves and Crustacea) it was possible to 
determine the activity ratio "MPu/ls*Pu (cf. the 
tables). The ratio was determined in 2» 
samples, andthemesnwas0.0l9(l SD *» 0.006, 
I SE - 0.001). In fall-out from nuclear tests 
the ratio has varied through the years. FBSLY 
ft «/."*> sound that until 1964 high-altitude air 
IV 
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iwptet showed a fairly constant ratio avtiaging 
about 0.03. I B precipitation collected ia 1956-
66 M I T A U « a ^ found a ratio of 0.039. For 
the period April 1965 to March 19S5 BOUTOU 
itat«"found0.019, (SD:0.003) iagrouad-tevd 
air, bat ia June-July 1966 the ratio had in-
crcascd to 0.07 owing to the SNAP-9A burn-up, 
and ia January 1968 the aataa ratio ia air in 
ihc aonhtrn hemisphere apart from Thole was 
0.54 (SO:0.23).«> Ia a brow« alga«* collected 
at the coast of Caufornia ha 1964 the ratio was 
0.03, i_e. ckae to the fan-out ratio. 
•••Pa in fall-oat derives partly from neutron 
captarc of **U and partly from imfauonrd, 
amvk material from the weapons. **Pu is, 
armrriiaf- to AIIYAKK tt nf.,«*> produced in the 
boom* at a daughter product of *"Xp or '"Cm, 
bat imghf apparently abo have come from 
CONCLUSION 
The B-52 acrident at Thule in January !968 
raised the plutonium torch in the marine 
tnrironawnt of Bylot Sound. The plutonium 
from the accident was mainly present as 
Maobsbk plutonium oxide particles. As in most 
cases the animsh were contaminated with these 
partichn, it was not possible to determine 
coBcentratkw factors from sea water to animate. 
The coacentrauon m jas anavr increased by a 
was one order of magnitude, beneath the impact 
area two orders of magnitude. Bismba showed 
increased levels up to a distance of fifteen 
kilometres from the crash area. The median 
level m bivalves was one order of magnitude 
above the fall-out background, and in the crash 
a n it was three mucis above. AMcasM con* 
tamed more plutonium than the other species 
of bivalves. Gasman, p»ljrkmla and irauwdtr-
•Mas showed median leveb about 1000 times 
the (all-out background. Fish living near the 
sea bottom, eg. the Greenland halibut, con-
tamed plutonium kveb one to two orders of 
magnitude above the (all-out background. The 
other samples: ZwpfaaWm, JM ftmU, $m Ures, 
tmU and nufnuij did not contain plutonium 
levels significantly different from the fall-out 
background. Plutonium was not detected with 
certainty in hmm ariw samples. 
AN ARCTIC MARINE ENVIRONMENT 
The samples with significant T u tevcb 
from the accidrn: contained 1.9% **Pu (as 
compared with *nPu). Thb percentage is dose 
to that found in nuclear wrapon fall-out prior to 
the SXAP-9A incident in 1964, and it is con-
cluded that a*Pu in fall-out may at least to some 
degree come from unfissmtcd plutonium in the 
weapons. 
From ICRF*s recommcnd*tiom,a' for drink-
ing water it is calculated that the maximum 
permissible daily intake of soluble plutonium 
for occupational exposure is 0.1 *Ci. If, for 
instance, an Eskimo cats 100 g bivalves daily, 
which undoubtedly b an upper estimate of his 
bivalve consumption, the MFC in bivalves 
becomes I /rCi a*Pu/kg. Even the strongest 
sample of bivalves contained less than one tenth 
of this pessimistically estimated MFC value; 
furthermore most of the plutonium in bivalves 
was present as insoluble plutonium oxide. 
As far as eiderdown b concerned, the annual 
permissible intake of insoluble ***Fu from 
respiration b estimated at 73 nCi from ICRP.IU> 
The maximum concentration in eiderdown was 
130 pCi/kg. Hence it seems unlikely that any 
Eskimo occupied with the cleaning' of down 
might reach the permissible intake of m P u 
into the lungs. 
It is concluded that no samples showed 
plutonium level* that are supposed to be 
hazardous to man or higher animals in the 
Thule district or in any other pan of Greenland. 
AtimmUgmmti These mvesugatioos Mould not 
have been possible without competent ssshtancc 
from many prisons and inst>tuuons. My special 
thanks are directed to the two leading Danish 
scientists of the summer expedition: Cam. Vac and 
Fan* HaasMioi. The snow samples were collected 
and measured during the winter by Earn. Saunaen 
and Ltir Lovaoao. The chemical solvent extraction 
procedure for plutonium was worked out by Earn 
KjAta MAMVSSM on the basis of an ;dea proposed by 
Baoa S a m e JENSEN and the ion exchange method 
was obtained from V. T. Bowxw, Woods Hole 
Oceanographic Institution, Mass., U.SA. The 
sampling equipment was developed by F. K. 
KJUSTMMSM in cooperation with Roatar JENSEN 
and P. K. Hout. The analyses were pcifuimeJ by 
ANNA HOLM PEDEESEN, MAMANNC CmfSTtHstx and 
Eim SavtENtaw. The urine samplet were analysed by 
Hr.nra HANSEN and VIBEKE JOHOEMHV. The Green-
land Technical Organisation (GTO) directed the 
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collection of snow samples from the 25 telestation) in 
Gnrnland. Invaluable support *ras obtained from 
the Amrriran and Danish authorities at Thule daring 
the whole period. 
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ENVIRONMENTAL BEHAVIOUR OF PLUTONIUM 
ACCIDENTALLY RELEASED AT THULE. GREENLAND 
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AhaanwJ—The Lniitunmtnul contammation revdting fra« ike B-52 accident is 19*1 at 
Tnme n stvdicd by sckntmc expeditions in S9*g. 1970 and 1974. The -atimiiDnn 
wn mam»y umwwcJ to the marine environment, where pwjfeminm was prefcKa*mfly 
located M the uilinunti and the hemnic fawn. Philomel amnnttabom down thtnagh 
the sediment layer* decayed cxpoacmiahy with a haH-deptfa of 1-2 cm. The horimmal 
<fetrihwhm of the plvtomwm any fee described I«* an exponent«! expression: mCi **" "*Pu 
km •= 4*Oe """' or by a paver fnncboo: mCi ""* "Pa kat •' = 370 R ' *. arnere ft is the 
distance m km from the poem of impact- The inventory of ***'**Tu n the marine 
environment from the accident was estimated at 25-500. The immun of ""Pu was 
-0.5 Ci. The bottom anhwah. soch as worms and moHuscs. showed a hoeimnMl dbtriHi-
i>n of radioactivity similar to that of the sediments. From 1968 lo 1970 the -n :*'pB 
concrntratiom in the biota decreased by an order of magmtade. since 1970 the decrease 
has been less evident, in 1970 and 1974 there were no indications of increased phrtoniwm 
concentrations in Jinfau. scawatcr or in sea plants or zooplankton. Higher animals men as 
fish, scabtrds and marine mammals have shown no (endow? to increasing plnioniu1 v levels 
smce tne accident. 
aXntOtftJCIIOPi 
Sis41 the beginning of the Nuclear Age sev-
eral cases of environmental plutonium con-
tamination have been reported. The most 
widespread and well-studied contamination is 
the global fallout from nuclear weapons test-
ing which has dissipated 1325 ±36) kCi 
plutonium in the biosphere (Har73). How-
ever, more concentrated contamination has 
been that from the reprocessing plant at 
Windscak. which has discharged approx 
~ 10* Ci '" -*'Pu into the Irish Sea during the 
past 15 yr (He75). In comparison, the release 
from the B-52 accident at Thule Airbase, 
Greenland, in January 1968. when -25 Ci 
were dissipated in the marine environment 
IAa7la) is modest contamination. Although 
the Thule incident may thus seem trivial as 
regards the amount of plutonium involved, it 
is felt (hat the special circumstances such as 
the Arctic environment, the paniculate nature 
of the plutonium, and the point source charac-
ter of the release have made it worthwhile to 
monitor the environmental plutonium levels at 
Thule. The aims of the studies described 
herein have been to identify the irea of dis-
tribution of the contamination and to eluci-
date a possible rcdwecotogkal propagation of 
the plutonium. 
The initial levels were established by the 
scientific expedition in 1968 <Aa71a); in-
creased plutonium concentrations were meas-
ured as far as 15 km from the point of impact, 
and sediments and bottom animals in the im-
pact zone showed plutonium levels 2-3 orders 
of magnitude above the Pu fallout back-
ground. The next scientific expedition took 
place in 1970. A summary of the results from 
that expedition (Aa7lb) showed that the con-
tamination had moved as far as 30 km from 
the point of impact: that the integrated 
plutonium level in the biomass of bottom ani-
mals had decreased by a factor of —4; and 
that higher animals such as fish and seals did 
not show significantly higher levels than in 
1968. 
The third scientific expedition took place in 
August 1974; besides four Danish particip-
ants. Mr. David k. Robertson from Batclle 
Northwest Laboratories and Dr. Wayne C. 
Hanson from Los Alamos Scientific Laborat-
ory were members of the pany. This paper 
reports the results from the marine sampling 
aspects of the 1974 expedition and some of 
n 
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the unpublished dan from the 1970 expedi-
tion. To elucidate the time trend in the 
plutonium levels, a short summary of some of 
the 196* data is included for comparative 
purposes. 
NATOUAL AND METHODS 
The environmental characteristics of the 
Thuk locality have been described earlier 
(Aa71a) and are not repeated here. As previ-
ously the marine sampling was carried out by 
the Greenlandic ship "Aglanta." In compari-
son with 1970 and 1968, we extended the 
sampling in 1974 further away from the point 
of impact, the most distant sampling location 
being at a distance of 45 km (Fig. 1). 
The 1974 expedition emphasized the collec-
tion of bottom sediments and bottom dwelling 
animals because sampling in 1968 and 1970 
had shown that the highest plutonium levels 
were encountered in those types of samples. 
Two kinds of sediment samplers were used: a 
surface sampler, the PK sampler; and a bottom 
corcr, the HAPS sampler that was developed 
by the Marine Biological Laboratory at Elsi-
nore (Ka73). The PK sampler was also used in 
the earlier expeditions; it scrapes the upper-
most layer of the sea bottom to a depth of 
~ l c m over an rectangular area of 0.1m2 
(Aa70). Experience showed that the sample 
depth varied with the nature of the bottom 
sediments; in muddy material the sample 
depth exceeded 1 cm and was somewhat shal-
10 20 30 
FIG. 1. The sample locations si Thule, Green-
land (Location 19 is located in Bylot Sound at 
76*27'8N. 69-3T5W). 
lower on a sandy bottom. The HAPS is in 
principle a corcr with a top valve and a core 
catcher supported by a frame; it yielded well-
defined samples and increased the effective 
sampling depth. The coring tube of stainless 
steel has a sampling diameter of 135 mm cor-
responding to a sampling area of 143 cm*. 
When the core catcher closes, it may carry off 
a little surface material which contaminates 
the bottom layer of the sample: to prevent this, 
the lowest 1-2 cm of the sample core was 
discarded. The remaining part of the core is 
pushed out of the sampling tube by a piston 
and divided into 3 cm thick sections. The 
HAPS corer operated satisfactorily in Thule 
sea depths of >200 m provided that the bot-
tom material was not stony. 
Sediment samples were collected by both 
the PK-sampler and the HAPS corer at a 
number of locations. This comparison made it 
possible to empirically convert the surface 
data obtained by the PK-sampler to the total 
integrated level in the sediment column. The 
plutonium inventory in the uppermost cm of 
the sediments was estimated to contain one-
third of the total plutonium content of the 
sediment layer. 
As previously, the biological samples were 
kept frozen until processed in the laboratory. 
The radiochemical plutonium analysis fol-
lowed the classical procedure (Ta71). The 
chemical yields were determined by 242Pu or 
236Pu spikes supplied by Dr. John H. Harley, 
U S E R . D A . Health and Safety Laboratory, 
New York. The average yield of all sample 
types waj 55%, and the minimum detectable 
activity for 4000 min counts was —10 fCi of 
2,9Pu. The analyses of the samples that con-
tained plutonium fallout background levels, 
were usually performed on 5-10 g ash, while 
the samples collected near the point of impact 
were normally analyzed in 0.5-1 g aliquots. 
Samples that contained <3fCi " 9 Pu per g of 
ash were generally below the detection limits 
of the procedures applied in this study. 
To avoid cross-contamination, both sample 
collecting and laboratory processing were car-
ried out on samples taken far from the point 
of impact before proceeding to those taken 
close to. 
Due to the particulate natu<": of the Thule 
V 
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contaminations the plutonium was very in-
homogeneously distributed in the samples espe-
cially the sediment. Those samples were 
therefore analyzed as duplicates and in some 
cases even as triplicates. . 
The analytical errors, including counting 
error, were usually 10-20%, depending on th* 
activity content. Samples with a counting err _>r 
of more than 33% were denoted by —0. 
RESULTS AND DISCUSSION 
Seawater 
Only six 50-1. samples of unfiltered water 
were analyzed from the 1970 and 1974 sampl-
ings (Table 1) because 1968 plutonium levels 
in the Thule seawater was essentially that of 
the fallout background (~1 fCi 23924*Pu 1. '), 
apart from a few samples that probably con-
tained particulates stirred up from the bottom 
sediments. In 1970. six samples collected off 
the west Greenland Coast from Godthåb 
(~64°N) to Thule (~76°N) showed a mean 
level of 1.6 ±0.3 (S.E.) fCi 23v-240pu 1 . ' . Thus, 
neither in 1970 nor in IV 74 did the Thule 
water contain levels significantly above fallout 
background, apart from the bottom sample 
from location G, sampled in 1974. Analysis of 
large-volume seawater samples collected in 
1974 (Robertson, pers. comm.) showed that 
the surface water at Thule was typical of fall-
out background levels, whereas the near-
bottom waters showed elevated plutonium 
levels of particulate nature due to resuspen-
sion of bottom sediments. Our samples of sea 
plants and zooplankton living in the surface 
water confirmed the fallout background con-
centrations of dissolved plutonium in the 
Thule water. 
The low239 "°Pu concentrations in Thule sea-
water were ascribed to the fact that the con-
tamination at Thule consisted of highly insolu-
Table 1 Plutonium in uawattr from Bytol Sound collected m 
1970 and 1974 
Sample 
year 
1970 
1970 
1970 
1974 
1974 
1974 
L. nation 
(H | . 1) 
C 
C 
V 
o 
t 
V 
Detection limn 0 J fCi 1 
Simple depth 
in m 
I I ; 
Surface 
Surface 
190 
240 
Surface 
- i 
fCi " * "°Pu 1 ' 
0 6 
1 
2 
50 
1.5 
10 
ble plutonium oxide. Even in cases of releases 
of soluble plutonium to the aquatic environ-
ment, it has been general experience that the 
bulk of the plutonium is found in the sedi-
ments and no' in the water masses. The 
Windscalc studies (He75) have thus shown 
that only a small percentage of the total dis-
charge of plutonium remains in the water, and 
similar results were obtained from studies in 
Lake Michigan of plutonium from fallout 
(Wa75), where - 9 6 % of the fallout 
plutonium was transported to the sediment. 
To what extent the plutonium in the Thule 
sediments dissolves has not yet been clarified, 
but leaching experiments and studies of inter-
stitial water in the sediment cores (Robertson, 
pers. comm.) indicate some degree of dissolu-
tion. 
Sea-bottom sediments 
All but one of the sediment samples col-
lected in 1968 and 1970, were surface sedi-
ments taken by the 0.1 m2 PK-sampler. The 
exception was a 1970 core sample collected at 
the point of impact down to a depth of 10 cm 
by a Burke open-tube gravity corer, kindly 
placed at our disposal by Dr. V. T. Bowen of 
the Woods Hole Oceanographic Institute. 
This sample was divided into 3 sections of 
equal thickness. The analysis showed that ~\ 
of the total plutonium activity of the core 
were contained in the upper 3-4 cm. Assum-
ing an exponential distribution of the 
plutonium concentration in the core, we esti-
mated that the uppermost cm of the sediments 
contained ~ j of the total activity. Hence we 
could transform the results of the PK-
samplings to to~al integrated plutonium in the 
sediment layers, under the assumption that 
the vertical distribution of Pu in all sediment 
samples collected both in 1968 and 1970 fol-
lowed the pattern observed in the core sample 
collected at the point cf impact in 1970. It 
was, of course, not satisfactory to base such 
sweeping conclusions on a single sample, and 
it was important to obtain a more comprehen-
sive collection of core samples. This was made 
possible in 1974 by the HAPS sampler. 
As shown in Fig. 2. the plutonium concent-
ration in the sediment cores decreased expo-
nentially with increasing sampling depth. The 
V 
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Fici. 3. The 2M-240pu concentration in the sedi-
ment surface (Ocm depth) related to the dis-
tance (in km) from the point of impact 
The Windscale studies (He75) have also 
demonstrated an exponential activity decrease 
down through the sediments- The half-depths 
in the Irish Sea were, however, considerably 
greater (4.6-8.6 cm) than in the present study, 
presumably because of the continuous nature 
of the releases from Windscale. In the studies 
of fallout plutonium in Lake Michigan (Ed75), 
plutonium was detectable only down to a 
depth of 6 cm. and there was no evident expo-
nential decrease in plutonium concentrations 
down througl. the sediments; this was partly 
due to redistribution of previously deposited 
plutonium and partly to the dependence on 
the fallout rate. 
The vertical distribution of the plutonium in 
sediments has received grea' attention and 
several explainations have been put forward. 
It has been proposed that the presence of 
plutonium in the deeper layers was due either 
to moiecular diffusion and sorption/desorption 
taking place in the bulk sediment, or to 
biological reworking of the deposits, or to a 
combination of these processes (No72). The 
nearly constant relations between two so 
chemically different elements as Cs and Pu, 
which have been observed bv several authors 
(No72; He75; Ed75), however, suggest, that 
physico-chemical mechanisms are less impor-
tant. 
In the Thule environment the strong tidal 
currents at the bottom stir up the sediments, 
as demonstrated by the particulate nature of 
plutonium found in the bottom water (Robert-
son, pers. comm.). This may result in both a 
horizontal and vertical dispersal of plutonium. 
Furthermore, we know that the worms contain 
plutonium in similar concentrations (per g of 
ash) as the upper sediment layers. Therefore 
we assume that these worms and other bottom 
animals may displace plutonium to greater 
depths in the sediments through their biologi-
cal activities. Bowen (Bo75) suggested such a 
biological transport by fastmoving warms such 
as Arenicola and Nereh. 
The inventory of plutonium in th? Thule 
sediments may be estimated from equations 
(I) and (2). From the HAPS samples we cal-
culated the average density in the upper IS cm 
of the sediments at the 10 stations shown in 
Table 2 to be (7.55 ±0.46)-10* g cm"1 km"2. 
There is no land area within 7.5 km from the 
point of impact and beyond 7.5 km land con-
stitutes - 6 0 % of the surface; thus, the inven-
tory is calculated from integration of equa-
tions (1) and (2) to be: 25 Ci. 
We may estimate the inventory more di-
rectly from the mCi km -2 data in Table 2, 
where the horizontal distribution of the 
plutonium deposit may be described by: 
mCi2'9240Pu km 2 - 460e"u27<"' (3) 
where R is the distance in km from the point 
of impact. The correlation coefficient (r ) be-
tween observed and calculated values was 
0.60 and significant (P^O.01). Analogous to 
the above calculation, we get: 29 Ci. The lat-
ter estimate is slightly greater because the 
density increases down through the sediments, 
which means that the deposition of plutonium 
(mCi km"2) decreases more slowly with depth 
than the plutonium concentration (pCig 1 ) . 
Instead of the exponential expression (3) we 
may obtain a better description of the situa-
tion by 3 power model: 
mCi" 9 M 0Pukm 2 = 370/r ' 2 ' . (4) 
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ToMr 2. TV vtmcal and honzotual dutnbutto* of ph-'Mttum a* ThuU in 1974. AH M'UM *vf in mCi 2>*3**fu km ' i n MAWw l«mpt> Uyrn 
Location 
(Fig. 1) 
C 
D 
G 
H 
K 
L 
P 
0 
R 
19 
V 
X 
Y 
Distance 
(toot point 
of impact 
(km) 
17 
1« 
9 
3 
1.4 
4 
4 
J 
4 
11 
0 
M.t 
OS 
0-3 
an 
— 
.'.0 
3 1 
11 
34 
25 
— 
IS 
15« 
51 
— 
107 
49 
20 
10« 
5900 
260 
270 
2600 
540 
77 
HAPS 
3-* 
cm 
— 
- 0 
0.5 
5.4 
11 
— 
16 
7« 
— 
4 0 
0.2 
16 
46 
74 
73 
39 
4500 
4400 
146 
umele taction 
»-9 9-12 
-
1.2 
- 0 
3.0 
1.5 
7 7 
— 
16 
6 1 
-
2.0 
4.9 
t .7 
4.0 
4 7 
4.3 
57 
2200 
640 
5.1 
-
- 0 
0.4 
- 0 
7.2 
4.9 
5 6 
— 
0.5 
12 
-
0.6 
1-6 
54 
25 
54 
170 
5.4 
12-15 
cm 
0.4 
2.4 
- 0 
5.3 
6 5 
4 9 
— 
- 0 
0 3 
-
~0 
-
» 5 
14 
300 
0.4 
rKaMtpfcf 
depth down to 
in cm inmah depth 
f>.» 
0.2 
12 
0 6 
i l 
0.6 
0 7 
0 3 
1.0 
-
2.4 
4 3 
1 1 
4 8 
0 4 
116 
12.1 
9.7 
165 
... 
7.4 
440 
13 
1* 
4 1 
13 
37 
-
165 
153 
96 
47 
100 
640 
Integrated actmty 
in total iidiment layer 
calculated Irani HAPS 
andPK 
16 
2.5 
30 
97 
118 
106 
94 
44 
61 
37 
2300 
7 « 0 
2300 
Comments ~ 0 mniH helow detection limit l <0 1 mCi km " I 
The correlation coefficient (r2) between ob-
served and calculated values was 0.73 and 
highly significant (PsO.OOl).The integrated 
plutonium level out to a distance of 45 km, 
where we measured levels not significantly 
different from the fallout background, be-
comes: 32 Ci power functions have also been 
used in inventory estimates by other inves-
tigators, such as around the Savannah River 
reprocessing plant (Mc75). 
A comparison of the present estimates of 
the plutonium inventory in Thule with the 
previous ones of 17 Ci in 1968 and 24 Ci in 
1970 (Aa71b) seems fairly satisfactory when 
we consider the great uncerta.nties of the ear-
lier estimates because they were almost exclu-
sively based on surface sediment samples. We 
conclude that the inventory of " y ""Pu still 
present in the Thule sediments is 25-30 Ci, or 
-400-500 g. 
Seaweed 
Laminaria and Fucus species were col-
lected along the coasts of Bylot Sound in 1970 
and 1974. The geometric mean levels were 
2.1 pCi 2 , , J 4 0Pu kg -1 wet weight (13pCi kg"1 
dry weight) in 1970 (7 samples) and 2.4 pCi 
23*2«>pu k g - i w e , w c i g h , ( 1 6 pQ kg-i d r y 
weight in 1974 (3 samples) (cf. Table 3). 
Concentration factors of the order of Z • 103 
T«Me 3 PtmaiHani in truwn alga« colltcm a Thiilr. 1970 and 1974 
Sampling 
year 
1970 
1970 
1970 
1970 
1970 
1970 
1970 
1974 
1974 
Locality 
(tf. Fig. 1) 
Namanuk 
Stranden Mand 
SW 
WotottAholmc 
Island N 
Dundas 
5 km swift of 
Mamon Island 
WolMenhohn« 
bland SE 
Manaon Mand 
Nanfampk 
Duadaa 
Specie* 
Umm*m sp. 
FWCM jp. 
Laminart* sp. 
Fncw i?. 
Fucitf fp. 
Fucitf fp. 
Laminmrta tp 
Lsmtntt* »p. 
Fucm ip 
p C i l w " F a k g 
fresh weight 
_ 
— 
— 
— 
— 
— 
— 042 
1 . 4 
' PCi " ' " > k, ' 
dry weight 
6 
24 
5 
22 
33 
9 
12 
3 
55. 15 
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were found for brown algae in Thule in 
1968 (Aa71a). From this we may estimate 
the seawater level to be of the order of 1 fCi 23
*.2*°Pul. ',
 w h i c h i s c o m p a , i b i e w i t n t n e 
observations in Table 1. 
Zooplankton 
Mixed samples of zooplankton were col-
lected in Bylot Sound both in 1970 and 1974. 
The mean level of three samples in 1970 was 
1.1 ±0.3 (S.E.) pCi 23'2<l,Pu kg"' fresh 
weight; in 1974 we found 0.4 pCi "'2 4 0Pu 
kg fresh weight. 
In the plutonium studies in Lake Michigan 
(Wa75) it was observed that the concentration 
factor (CF) for plutonium followed the expres-
sion: CF= 200 (% ash)'4 for phytoplankton as 
well as zooplankton. In 1970 the mean ash 
content of the samples from Thule was 2.2% 
and in 1974 3.2%. If we assume that the Lake 
Michigan equation also applies to the marine 
environment at Thule, the expected concent-
ration factors should be: 0.6 -103 in 1970 and 
1 • 103 in 1974 and the seawater levels: 1.8 fCi 
l."1 and 0.4 fCil.~\ respectively. Table 1 shows 
that these estimates are of the right order of 
magnitude. 
Brittlestars (Ophiura) and starfish (Asterias) 
Echinodermata (generally brittlestars) -vsre 
present in most bottom samples and contained 
from 1 to nearly 6000 pCi *' - 2 4 0 p u kg"1 fresh 
weight. Although the highest plutonium con-
centrations were usually found closest to the 
point of impact, it was not possible to demon-
strate any significant variation in the levels. 
Figure 4 shows a log-log plot of Pu concentra-
tions in echinoderms found in 1970 and 1974 
at variovs distances from the point of impact. 
The data indicates no time trend. 
Molluscs 
Bivalves were the most extensively sampled 
marine biota at Thule. Plutonium concentra-
tions in their soft parts (Fig. 5) were related to 
the sampling distance from the point of impact 
and showed a marked decrease in the Pu 
values from 1968 to 1970, followed by a much 
slower decline to 1974 values. The decreased 
rate of change is presumably due to the dis-
persal and dilution with distance of the Pu. A 
i io 5 -
•A ft 
z 
§10 J -
• '""T 
v 1870 
o 1974 -I 
i « * 
10' h 
10° 
V O o oo 
0 7 * O gX>0<0 
10" 10' 
Fio. 4. The ",240Pu concentration in brittles-
tars and seastars collected at Thule in 1970 and 
1974 related to the distance from the point of 
impact. 
A.'-T968=pCi kg-'= 2000»-"""" 
l \ r2 = 0 .44"* 
\ (43 somplM) 
\ 
O 2 ^ 
10'' 
1970: 
' v pCi kg-'.nOt-0'51"" 
?
» 0.45"* 
1122 samples) 
1974 pCi ka-' = 70«-° !""" 
rJ = 0 5 1 " * 
(53 sampl«) 
20 
km 
40 
Fio. 5. The "9"°Pu concentration in soft 
parts of bivalves collected in 1968, 1970 and 
1974 as a function of distance from the point 
of impact; r is the correlation coefficient be-
tween observed data and the value* calculated 
from the exponential equations. (Significance 
level: * » »: 0,001, i.e. highly significant). 
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further dispersal from 1970 to 1974 is less 
evident. 
The plutonium inventory in the bivalves was 
calculated in the same way as in the sediment, 
assuming that the weight of the soft parts of 
bivalves per m2 is of the order of 100 g m 2 
(Vi50). 
1968. 0-7.5 km: 7mCi:>7.5km: 0.7 mCi 
Total 7.7 mCi 
1970: 0-7.5 km: 1.1 mCi;>7.5 km: 1.3mCi 
Total 2.4 mCi 
1974: 0-7.5km: 0 7mCi:>7.5 km: 1.2 mCi 
Total 1 9 mCi 
Again there was a rapid decrease from 1968 
to 1970, followed by a more gradual decrease 
in plutonium concentrations. 
Instead of ihe exponential curve shown for 
the 1974 data in Fig. 5 we propose a power 
model, as in the case of the sediments: 
pCi'^'Pukg '=74.5R-'**. 
The correlation coefficient (r:) between .ob-
served and calculated values was 0.72 and 
highly significant (p<0.001). 
The integrated level in 1974 out to a dis-
tance of 45 km becomes: 1.4 mCi. 
In the 1968 study (Aa71a) Macoma gener-
ally contained higher plutonium concentra-
tions than the other species. An analysis of 
variance (ANOVA) of the data included in 
Table 4 shows significant variations between 
years (1970 > 1974), between sampling dis-
tances and between species (Macoma, 
Hiatella > Leda, Clinocardium, Musculus, 
Chlamys, Astarte, Serripes). The concentration 
of plutonium in Macoma and Hiatella was ~ 3 
times greater than that in Chlamys, Astarte, 
and Serripes. 
The ANOVA revealed no significant in-
teractions between the three parameters, 
probably due to the large residual error. 
Because it was impossible- in laboratory pro-
cessing to avoid some contamination of the 
mollusc soft parts by sediments, it was not 
possible to determine whether or not the 
plutonium in the animals had been 
metabolized. To clarify this point we analyzed 
29 samples of shells that were first washed in 
dilute hydrochloric acid to remove any surface 
contamination from sediments. The results 
(Table 5) indicated that the levels in the shells 
followed the same pattern with distance from 
the point of impact as did the soft parts. The 
concentration in the shells was -2 .5 times 
higher than in the soft parts. Experimental 
observations (Fo75) have shown that shells of 
mussels contain 4-20 times higher concentra-
tions than the soft parts. The lesser ratio in 
the present material may be due to the unav-
oidable contamination of the soft parts by the 
sediments, as mentioned above. 
Plutonium concentrations in the soft parts 
of snails (Buccinum, Table 6) corresponded 
with good approximation to the geographical 
distribution of similar measurements in other 
molluscs, but the levels were generally lower 
rr snails. The activity followed the equation: 
pCikif1 = 16c-0 1 2 R . 
If we compare this equation with that for 
molluscs in Fig. 5. we find the plutonium 
ToMr 4 
Dntancc 
interval 
ikmi 
•> 30-45 
>:o-3o 
^ 15-20 
>10-15 
> 7 5 - I O 
> 5-7.5 
•1-5 
> l - 3 
»0-1 
Plurrrniurri Ipi'i 
Veir 
197(1 
1974 
1970 
1974 
1970 
1974 
1970 
1974 
1970 
1974 
1970 
1974 
1970 
1974 
1970 
197« 
1970 
1974 
Cktamy, 
iWnnJiru 
2.1 (21 
1.9 111 
3.0 13) 
6.0 II) 
II 0 III 
3 8 12) 
5.7 I2i 
12.(1 12) 
.10 |2) 
10 1 II) 
1*9 12) 
>"« 1 in mnllu.tr loft parts collected at 
Hiatella 
smi 
3 5 
iw 
1 (2) 
9.« (3) 
3.5 II) 
5 .0(1) 
9 .0 (1 ) 
24 
27 
49 
25 
60 
• 3 
670 
260 
(2) 
(2) 
III 
(1) 
(2) 
(1) 
(3) 
(2) 
Macoma 
catcarea 
1.(1 (II 
2.2 (3) 
6.4 (51 
2.« (2) 
31 (2) 
27 12) 
22 (3) 
32 (J) 
26 12) 
»5 (21 
1 7 4 (2) 
52 (6) 
182 (4) 
»36 (31 
260 (2) 
3000 (5) 
230 (4) 
CtinocQ'-
Umm 
ciluuum 
1.0 (I) 
1.3 (2) 
5.7 (3) 
3.5 (2) 
3 0 11) 
9.0 (2) 
1 9 6 (2) 
15.5 (1) 
i.O (1) 
13.2 12) 
54 (4) 
14.0 (1) 
26 II) 
171 (4) 
270 111 
T)m<> in 197 
Mujcului 
ntger 
16.1 (1) 
4.4 (3) 
2.0 (1) 
22 (1) 
11 (1) 
11.3 (3) 
12.1 (2) 
440 (2) 
85 (3) 
(land 1974 
Astatu 
monfugui 
2.0 (1) 
3.6 (4) 
2.0 (1) 
1 8 (1) 
3.0 (1) 
20 (1) 
30 (1) 
17.2 (5) 
3 9 (1) 
at vanous distances from tht 
Stmprs 
fnxn-
ianetica 
2 0 1) 
2.0 (3) 
2.5 (1) 
Uda 
pemuia 
44 (1) 
70 (2) 
290 (1) 
172 (3) 
point of impact 
Geom. 
m n n 
1.8 
3 1 
4.4 
3.3 
5.2 
5.0 
12.4 
1 8 9 
20 
22 
165 
36 
1 5 3 
220 
260 
350 
230 
S E 
(•clot 
1 2 
1.8 
1.2 
1.1 
1.7 
1.6 
1 4 
1 4 
1.3 
1.5 
1.2 
1.3 
1.6 
2 1 
1.0 
1.9 
I I 
The figure* are the feomcirk nxtm of the number of Mir.plci shown in bracken, 
i kg fresh weight of soli pirn 4* g i»h -215 $ dry mwttr 
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TaMr 5 Plum: um u, sfcefb • laaUuio cettntt* in Tkab 1974 
Location 
IFif. 11 
A 
B 
C 
O 
F 
F 
O 
M 
P 
R 
V 
X 
V 
Com ment 
Distance 
from point 
of impact 
in km 
45 
24 
t7 
16 
.13 
7 
» 
ft 
40 
4 
4 
0 
0.« 
n.» 
Species 
Maransa cakaria 
Cujtaranjiurri rioamm 
Semers nfamlaaaW 
ClinacafUiam uftatum 
Macama cafcaha 
Maraata cafcana 
ffaurtffa striata 
Asavtr moHtagai 
HiasHIa striate 
Maceata cakana 
Mascaras fateifaras 
Cliaacardiant craafum 
Macaasa cofcana 
CMamvi MfaadKa 
Cfwsptawsuww f ifrafwa? 
A*ra.-tr mmnmgmi 
Macaata cakana 
Maeomtt colrana 
Clutacardtum citiatum 
CfcJamys isfoaaira 
HimtrtUt srnara 
Amanr miMiartii 
t lirturantium Ltliatum 
Auaru montagu 
M M M M (okafto 
C'limjcontibm ciiiaram 
Maconta 'akana 
HuHrtta ilmnj 
pCi 
- 0 mean* below detection limit « 0 005 pCi f. 
" " ~ F a t ' 
ask 
o.ot 
- 0 
0 05 
-0 
0.O7 
0 02 
m
 
0.01 
- 0 
- 0 
0.06 
005 
0.03, 0.02 
0.04 
0 10 
0 19 
0.0» 
0.04 
0.06 
0.01 
o«< 0.03 
0.59 
1.56 
04« 
022 
' ash) 
ToMr 6 Ffatoifinm m soft paru »/ vnaifs IBuccmtim) 
location 
lf"(. 1) 
B 
F 
F 
1 
\ O 
S 
V 
rottrctrd at Thilr. 1974 
Distance from 
point of impact pCi * '""Pu 
».' in km fresh wctfhf 
24 
33 
7 
A 
19 
10 
20 
0 
- 0 
- 0 . 5 
2 
6 
0.4 
5 .7 
2 
37 
Comment: - 0 mvans befow detection limit 
K O I pCi k| ' l I » I fresh »eight - 3 7 | ash ~ 3 0 0 j 
drv matter 
concentration in the soft parts of snails to be 
4-5 times lower than that of bivalves. 
Worms 
As the plutonium contamination in the sedi-
ments approximately decreased exponentially 
with distance from the point of impact, it was 
obvious also to relate the plutonium levels in 
the bottom animals to the distance. Worms 
(Polychaeta) contain sediments in their diges-
tive tracts, and a rather close relationship to 
the radioactivity concentrations in sediments 
was to be expected. Figure 6 shows a compari-
son. A three-way ANOVA of data of 
surface sediments and the worms from 1970 
and 1974, grouped according to distance from 
the point of impact, showed no interaction 
between sample species and years, nor be-
tween years and locations or locations and 
— r — T , 1 
Worms 1970 
swdKMnt«! 
0 - 1 cm 1970 
10' 
2 10° -
10"'-
Pco 
fcp 
L * ft 
- V % 
V 
» o 
o 
a 
" 
1 1 
• Worms 1974 
0 scdwntnrs: -
0-3em 1974 
c°S i 
a 
o » 
• a 
• • 
l i i L i 
10 20 
km 
30 to 
Fio. 6. The "* 240Pu concentrations in ash of 
worms and surface sediments samples collected 
in 1970 and 1974 related to the distance from 
the point of impact. 
species; neither was there any significant 
difference between sampling years. The 
plutonium concentration in the ashed worms 
was 2.8 times less than the concentration in 
sediments, and the values decreased exponen-
tially with distance from the point of impact. 
It is calculated that, as regards the plutonium 
concentration In pCig'1 of ashed material, a 
worm sample in the present material cones-
ponds to a sediment sample collected down to 
a depth of 8.4 cm. According to equation (1) 
we may estimate the sample Pu content to be 
96.5% of the total plutonium of the sediment 
column. From the ten HAPS cores collected 
we estimate the ash weight per m2 of the 
0-8.4 cm sediment layer to be 58.8 kg. 
The plutonium content of the combined 
worm material collected in 1970 and 1974 
(Fig. 6) follows the expression: 
or 
pCig-' = 2 . 4 7 - e - 0 , 3 R 
m C i k m - ^ l S l e - 0 1 3 ' ' 
The integrated plutonium level becomes 
~31 Ci which is in agreement with the esti-
mates based on sediments. 
We may conclude that worms, due to their 
ingestion of sediments, may be considered to 
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be "sediment equivalents" for the purpose of 
inventory determinations after an ap. opriate 
"calibration." 
Shrimps (Arcturus) 
Both in 1970 and in 1974 shrimps were 
collected from the point of impact out to a 
distance of - 4 0 km (Fig. 7). Similar to the 
echinoderms, there was a slight decrease in 
the plutonium levels with distance, but less 
definitive than in the case of worms and 
bivalves. The explanation may partly be the 
greater mobility of the crustaceans (and 
echinoderms), partly the more pelagic nature 
of these animals. 
_ 
> 
; 
-
— i — 
> M " " l 
V 
. , I....I 
. 1 l | l 
o 
e 
°8<r 
o 
o 
1 I I 11 
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s 
ml 
» 1970 
0 1971 
o 
ooo° 
_ 
-
" • 
-
10' 
FIG. 7. The "*240Pu concentration in shrimps 
collected at Thule in 1970 and 1974 related to 
the distance from the point of impact. 
In a few cases shells and flesh of shrimps 
were analyzed separately; the mean ratio be-
tween the plutonium concentrations in the two 
parts was 6; in 1968 the mean ratio of five 
samples was 15 (Aa71a). Experimental uptake 
studies (Fo75) have shown a concentration 
ratio between shells and soft parts of 3.3. The 
shells of shrimps from Thule have probably 
been contaminated by particulate plutonium 
from adhering sediments, which fact may have 
increased the ratios observed. 
Fish 
Eleven samples of fish (sea scorpion, Polar 
cod, Agonida, Lycodida) caught in Bylot 
Sound in 1970 and three samples from 1974 
were analyzed for plutonium. The geometric 
Mm*fcng J O I 
1*73 
•»70 
19T0 
l»70 
1970 
1*70 
1»70 
1*70 
1*70 
1*70 
1*70 
1*7« 
1*7« 
1*7« 
1*7« 
T o u l h k I k 
Spet-ics 
fo to io * ] 
Polar cad 
LytméH* 
U P M I 
LyraeUa 
Lneaula 
At—Aå 
Afttudm 
Afwiea 
Sea Irwpioa 
Sea M i f M 
Polar cod 
Sea Morpis« 
Sea KBfpioB 
Uaalefinkcd 
*—r*fp 
TMr ' fak 
Tool M> 
Total ft* 
Tocol t * 
Tool DA 
Tool km 
Total M l 
T M I U 
T W J I U 
Fink 
Liver 
Tool M l 
T a a l U 
l i m 
M M 
, .n t 
I f m h weight - 4 4 
r a ^ ^ h i , ' 
trtife wr-dw 
2 5.5 
400 
20 
2 
4 » 
2 
5 
» 4 
0.2 
0.1 
~ 0 
10 
0 3 
I S 
^•i •,.-•> 
g a*n ~22©g dry evancr 
mean levels of the two samplings (Table 7) 
were 4 and 1 pCi 239240Pu kg"1 fresh weight, 
respectively, being an order of magnitude less 
than values determined in 1968. 
Birds 
Only a few samples of seabirds (guillemots) 
were analyzed in 1970 and 1974. The results 
»re shown in Table 8. As in the case of fish. 
TaMr 8. PnMomwn m reoiolrs 9f Mmbiri. ifcM or Tkafc- m 1*70 mud 1*74 
Spccm f m k wcifbt 
Black gwUeant 1*70 
1*70 
1*70 
1*70 
1*70 
1974 BrtiMiiea's gailkaiel 
Enmiat 
Liver 
Earfaik} 
Liver 
Emraili 
3.5 
128 
- 0 
- 0 
- 0 
0.3 
Co*MWM»: - 0 mean* below detection HaWI (<0.1 pCi kg [) 
there was no evidence of any increase of 
plutonium concentrations since 1968. 
Walrus and seal 
The last link in the marine foodchain at 
Thule before man (and polar bear; is occupied 
by marine mammals. Table 9 shows that 
neither in 1970 nor in 1974 did the sampling 
(mostly entrails) of seal and walrus show any 
general indication of increased plutonium 
levels, as compared with the observations in 
1968 (Aa71a). The geometric mean of all 
samples was 0.5 pCi ™-240Pu kg"1 both in 
1970 and 1974. The higher levels were mostly 
found in the undigested contents of intestine 
and stomach. We therefore conclude that no 
significant amount of plutonium from the 
Thule accident has been transferred to marine 
mammals. 
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TabU 9 ItuKMtum i! a « « l l rknr el H a i r i« 1 »70 end 1 »74 Taeir MJ Estimates ef* 
e/Th»lc 
Species 
p c . " " " > . k » 
Sample type fresh weight 
1970 
l'."70 
1970 
1970 
1970 
1970 
1970 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
1974 
Rmaedicat 
Iftieca nispte«) 1 
Hinted seal II 
Rusted seal III 
Emretb 
E n r o l l 
Entrails 
(Plwcd pvmUmdka) Entrails 
- 0 
1.1 
0 t . 3 6 
Seel 
tunped ied ) 
(unspecified) 
Rinfetfscal 11 
Retted »eel I 
Riaacd Kal 111 
SeaTll 
(u.'*pecifteti) 
CeenJaad seel 
W i n o l 
iG-lehenus resmoms) 
Welt«, II 
Walrus I 
Walrus :i 
Wilms Hi 
Wilms I 
Wilms HI 
Wilms ! 
Wllius II 
Wilms III 
Wilms I 
Wilms II 
Wilms III 
Eatreus - 0 
E e t * 2 2 
Contents of iMrstine 0.1 
Liver - 0 
Liver 0.6 
Liver 1.0 
Contents of intcsnnc < 5. 1 ft. M 
Intestine 
StMMCh 
Stotuch 
Stomach 
Liver 
Li-.-r 
Liver 
0.1 
0.7 
- 0 
1.6 
1.4 
0.2 
0.04 
0.8 
017 
0.20 
0.0J 
Comment: ~0 n i below detection limit (<0 . l pC. kg > 
The Eskimos occasionally collect bivalves 
from the walrus stomachs and thus have a 
direct access to the more contaminated links 
of the marine foodchain. The high degree of 
discrimination against plutonium by the gas-
trointestinal tract, however, reduces the im-
portance of this type of exposure; this was 
also demonstrated by the low Pu levels fount! 
in walrus although they may have fed on 
contaminated bivalves. 
Summary 
The plutonium concentrations determined 
in environmental samples collected in 1970 
and 1974 at Thule can be used for an estimate 
of the inventories in the various compartments 
of the benthic food-chain. The sediments con-
tain practically all the plutonium released as a 
result of the accident in 1968. The benthos 
contains less than 1%* of the total Pu-
inventory (Table 10). Molluscs are estimated 
to contain the major part of the plutonium in 
the biota. The transfer-coefficient to the mol-
luscs is an order of magnitude greater than the 
transfer-coefficient to brittlestars and shrimps. 
If, however, we compare the transfer-
coefficients based on concentrations 
(Ci • g"1 • yr pr. Ci released), there is no sig-
nificant difference between molluscs (soft 
parts), brittlestars and shrimps. We may thus 
Sample 
MothuKS: 
Sad pans 
Shell. 
Britttcstars 
(soul 
(ViSOJ Ci I Ci in 
1974 O • »r 
10' 
in' 
3 10 
2 4- 10"* 
6 10 . 
3 • 10"' 
1.9- 10 ' 
5 1 0 * 
t 10 * 
1.5-10"! 
4 10 * 
» 1 0 
(total 
Worms 
(total 
MB the teat. Figures 4 a n 
shnrape. The inventory % 
for i 
The invenlones of the molluscs were taken •« 
7 were used for the estimates of brittlestars and 
worms was calculated fron the eiponenrial — 
expect nearly the same Pu concentrations in 
these animal groups from a given plutonium 
release to the sea. In Table 10 it has been 
assumed that the decay of the Pu-inventories 
observed from 1970 to 1974 would continue 
as single, exponential decays to infinity. The 
infinite integral of the respective exponential 
expressions calculated for the various sample 
types divided by 30 thus corresponds to the 
transfer-coefficient for the sample in question 
in the Thule environment (Ci • yr pr. Ci re-
leased). 
The estimates are preliminary, and it is 
probably an over-simplification to expect the 
decay of the plutonium concentrations in the 
biota at Thule to follow a single, exponential 
decay. From 1968 to 1970 we observed a 
fasttr decay in molluscs than from 1970 to 
1974, and we can expect the decay rates to 
decrease with time a factor, which will in-
crease the transfer-coefficients for the various 
biota. Furthermore, it should be noted that 
the estimates of the biomass of the various 
animal groups in the Thule area only indicate 
the order of magnitude. 
As regards the transfer of plutonium from 
the sediments to the seawater we may calcu-
late Kd valuts [ = (pCig"' surface 
sediments/pCi mr' sea water)] from the data 
given in Table 1 and Fig. 2. The geometric 
mean of these Kd values was ~106mlg~1 
(range: 4 • 10*-6-107) . 
In a study of 23M40pu in groundwater and 
groundwater particulates at Enewetak Atoll 
(No75) Kd values between 104 and 106mlg - 1 
were observed. In a laboratory experiment 
with seawater and contaminated soil from 
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Enewetak Atol) a K* mean value 8 • 10* ml g~l 
was measured. The high Kt values at Thule were 
found near to (he point of impact, where we 
expect plutonium particulates to have largest 
grain size. We therefore conclude that the 
plutonium from the Thule accident probably 
shows higher Kd values, and thus lesser solu-
bility, than the fallout plutonium found at 
Enewetak Atoll. 
Pluionium-238 
In a number of the samples collected near 
the point of impact "*Pu was determined 
together with ""-"»Pu. The mean percentage 
of :MPu as compared with "'""Pu was 1.9 ± 
0.1 (SE), equal to the mean observed in 1968 
(Aa71a). It has been suggested (Han75) that 
some physical separation process perhaps due 
to radioactive decay, may account for an ap-
parently increased biological availability of 
Pu. Although Table 11 shows a mean ratio 
in bivalves of 2.1, as compared to 1.7 in 
sediments and 1.8 in worms, the data were too 
<R» 1) a 100 
I t 
1 * 
1 * 
1 * 
M t l W takavM ttotl parts) 
Mmcmm tmkmm (sail part*) 
Mmcim cmkmtM (a - * para) 
Mmtmmm C * 4 M N * (»f t pam) 
CaMuaJw« citWrwn {%éh parts) 
O l a w j i Mmitrm {mh pan.) 
HmmtUummam (aaftpara) 
! « • • • § a n a * { M « I para) 
Mtaav aMRpw af B N M I ( M paUsi 
2.7 
2.4 
1.7 
I t 
I T 
2.J 
2 2 
1« 
I t 
X 
V 
V 
V 
w m 
WanM 
W m 
*•"•» 
2.1 
I t 
I t 
1.9 
few to prove that the 2J*Pu/"**wPu ratio was 
significantly higher in bivalves than in sedi-
ments. Robertson (pers. comm.) has per-
formed a more comprehensive study of z *Pu 
in the Thule sediments and demonstrated a 
variation of the 2MPu/I, , ,240Pu ratio with 
depth which may be a result of biological 
activity in the sediments. 
TaMc 12 S m a w , of '"">v 4mm fnm me samt* reOrcnww m I9M. 1970 tmd 1974 
Sample 
Scaweicr 
(surface 
0-100 Tl) 
•PK" 
VdifDcnn 
10-1 cm) lash) 
Sea plants 
(wet weight) 
Worm« 
(ash weight) 
Bivalves 
IM>ft parts) 
(fresh weight) 
Bnttleslar* 
Scastsrs 
(fresh weigh!) 
Shrnwos 
(fresh weight) 
Fish 
(fresh weight) 
Buds 
(Fresh weight 
entrails) 
Seal and walrus 
(entrain, etc.) 
(fresh weight) 
Unit 
fCi IT' 
pCig" ' 
pCikg ' 
p C i g - ' 
pCi kg ' 
PC. »!" ' 
P C ' « ! " ' 
pCi « l ' 
pc. «r' 
pCi « | ' 
a n 
mm. 
geoewlric mean 
mai. 
min. 
fsmneiric mcaR 
mas 
mm 
gcometrM mean 
mas. 
mm. 
geometric mean 
mas. 
mm. 
geometric itwan 
max. 
min. 
geometric mean 
mas. 
mm. 
geometric mean 
mas. 
min. 
geometric mean 
mas. 
min. 
geometric mean 
mas. 
mil 
geometric mean 
19*1 
1 
0-1 km 
12 
4 
6 
(4) 
130 
7 
23 
(9) 
— 
— 
~ 
_ 
— 230 
(1) 
76.000 
320 
4.400 
(10) 
1,120 
190 
3 M 
(4) 
— 
— 41 
( I ) 
— 
— 
_ 
— 
 
— 
— 
1 
I I 
> Iksa 
t 7 
2 
t 
(•) I t 
0.1 
10 
(7) 
74 
t 
19 
(7) 
— 
— 
— 3,400 
5 
1 ) 
(33) 
— 
— 
— 
12.000 
2] 
1.130 
(4) 
470 
1 
40 
(10) 
7 
0 2 
2.2 
(J) 
4.4 
0.) 
1.0 
(10) 
197Q 
I 
0-1 I m 
3 
2 
2 
(2) 
W 
t 
13 
(9) 
— 
— 
4» 
0.3 
3.4 
( t ) 
73.000 
50 
J90 
(IJ) 
4.400 
10 
140 
(7) 
74 
I f 
J3 
(2) 
— 
— 
„ 
— 
— 
— 
— 
11 
>Ikn 
_ 
— 1 
( I ) 
4.7 
0.4 
1.2 
(10) 
A 
1 
2 1 
(7) 
1.1 
0.1 
0.41 
I I I ) 
13.000 
1 
23 
(79) 
1.700 
* 10 
44 
(7) 
170 
1 
I t (10) 
400 
0.2 
4 
( I D 
130 
<0. I 
0 9 
m 3.9 
< 0 1 
0.3 
112) 
1974 | 0-1 km 
_ 
— 1 
( I ) 
SO 
1 
17 
(3) 
— 
— 
~~ 
10.5 
2.1 
5.7 
(4) 
1900 
75 
240 
(12) 
250 
62 
• I 
(4) 
l«0 
J3 
72 
(2) 
— 
— 
— 
_ 
— 
— 
— 
— 
I I 
> l k m 
_ 
— 
— 
7« 
0.3 
5.0 
(9) 
a 
0 4 
2.4 
(3) 
t .9 
0 0 6 
0.54 
(13) 
300 
2 
15 
(30) 
64 
1 
9 
(14) 
04 
1 
9 
(t) 
10 
< 0 1 
I 
(4) 
— 0.3 
(1) 
5.5 
< 0 1 
0.5 
(15) 
(figures in bracken imtfcaie ihc number of Mfliplw). 
I Zone I, lew ihtn I km from the point of impact 
H Zone II. ouwé* seme I 
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CONCLUSIONS 
The plutonium contamination at Thule re-
sulting from the B-52 accident in 1968 was 
mainly confined to the sediments which con-
fined - 2 5 - 3 0 Ci. Beyond 40 km from the 
point of impact the environmental plutonium 
levels were not significantly above the fallout 
background. 
The vertical distribution of the plutonium 
activity in the sediments decreased exponen-
tially with a half-depth of ~1.7 cm. The total 
deposit in the sediments decreased exponen-
tially with distance frn . the point of impact. 
The half-distance was estimated to be - 3 km. 
Marine worms and molluscs also showed ex-
ponentially decreasing plutonium concentra-
tions with increasing distance, but the half-
distance was 5-6 km, longer than for the sedi-
ments, probably a result of biological trans-
port of the plutonium. The plutonium levels of 
other bottom animals, such as brittlestars and 
shrimps, also decreased with distance from the 
point of impact but less markedly than the 
worms and molluscs. 
When compared with the initial sampling in 
1968, the Pu concentrations in 1970 and 1974 
were generally lower by an order of mag-
nitude; the decrease from 1970 to 1974 was 
less marked. Molluscs, which constituted the 
largest number of samples, contained in 1974 
- 6 0 % of the plutonium concentration found 
in 1970, but for the other samples the de-
crease was not evident. The plutonium levels 
in sediment and woims, for example, did not 
change significantly from 1970 to 1974. We 
may, therefore expect a rather slow reduction 
in the plutonium levels of the marine environ-
ment at Thule from now on. 
Neither in 1970 nor in 1974 did we find 
evidence of any significant increase of the 
plutonium concentration in the higher animals 
such as fish, seabirds and marine mammals at 
Thule. The plutonium originating from the 
accident has to date been confined to the 
bottom fauna, and man has not been at risk. 
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ON THE DIRECT CONTAMINATION OF RYE, BARLEY, WHEAT 
AND OATS WITH »Sr, '"Cs, »Mn AND M'Cc 
A. A A U U t O G 
Health Physics Department, Danish Atomic Energy Commission, RBO, Roskilde, Denmark 
iRKtirti 26 April 1968. rciW 5 May 1969) 
AbaUitt—Radionuclide« of Sr, Cs, Mn and Ce were applied as a spray to spring varieties 
of rye, oats, barley and wheat at four different stages of development. 
The Cs and Mn concentrations in the grain were higher than the concentrations of Sr and 
Ce. The ratios Cs/Sr, Cs/Ce, Mn/Sr, Mn/Ce, and Sr/O in the grain increased with the time 
between spray ing and maturity. Field loss of Sr was greater than for the other nuclides applied. 
The 'half-lives' for the Sr-loo was calculated to about 3 werks as compared to 4-5 weeks for 
Mn and Ce and probably even longer for Cs. 
IU«iaa>é—On a pulverise lev radionuclides suiv-uitt Sr, Cs, Mn et Ce sur les varietés vcrnales 
de seigle, d'avoine, d'orge et de froment å qua.re stades different! du développement. 
Les concentrations de Cs et Mn des grains som plus elevers que celles de Sr et Ce. Les 
rapports Cs/Sr, Cs/Cc, Mn/Sr, Mn/Ce et Sr/Cr du grain s'accroissent entre le moment de la 
pulverisation et la maturite. La perte de Sr dans le champ est plus élevée que celle des autres 
nuclides. La 'demi-vie' pour la perte de Sr a été evaluee i environ 3 semaine* comparaiive-
ment å 4-5 semaines pour Mn et Ce et probablement d'avantage pour f'ji. 
ZtwajamcatSMaag—Radionukleotide von Sr, Cs, Mn und Ce wurden in vier verschiedenen 
Entwicklungsstadien auf Fruhjahrsvarietaten von Roggen, Hafer, Gerste und Weizen gesprtiht. 
In den Korncrn waren die Cs- und Mn-Konzentrationrn hoher als die Konzentrationen 
an Sr und Ce. Die Verhaltnisse der Konzentrationen von Cs/Sr, Cs/Cc, Mn/Sr, Mn/Ce und 
Sr/Ce in den Kornern erhohten sich mil zunehmender Dauc-r zwischen Behandlung und 
Reife. Die Feldverluste von Sr waren grosser als die der anderen verwendeten Nukleotide. 
Die Halbwertszeitcn fiir den Sr-Verlust wurden mit etwa 3 Wochen berechnet, fur Mn und 
Ce dagegen mit 4-5 Wochen und fiir Cs wahrscheinlich mit noch mchr. 
INTRODUCTION long-lived nuclides, mainly »»Sr, and in special 
THE CONTAMINATION of vegetation with nuclear cases I,7Cs,<a> that absorption from the soil via 
debris takes place in two ways:<*> the roots occurs. During periods with high 
(i) by direct contamination, i.e. adsorption fallout rates, as in 1962-64, most of th- activity 
of the debris on the aerial parts of the vegetation ("Sr, as well as other fallout nuclides) in grass 
often followed by an absorption, and and cereals comes from direct contamination. 
(ii) by indirect contamination, i.e. absorp- In areas with intensive farming and high calcium 
tion through the root system, of radionuclides content of soil, as in Denmark, the direct con-
which have entered the soil. lamination of the crops with radiostrontium 
While all. radionuclides in nuclear debris play might be greater than by indirect contamination 
a role in direct contamination, it is among the even when the fallout rate is low. In 1966, when 
357 
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the fallout rate in Denmark was 2 mCi "Sr/kin* 
and the accumulated fallout 55 mCi **Sr/kmz, 
nearly half of the **Sr in Danish grain and 
milk was due to direct contamination.") 
As grain products are main contributors of 
**Sr and other long-lived radionuclides (e.g. 
m C s , " M n and ,44C.e) to total human diet in 
Denmark, the present investigation concen-
trated on the direct contamination n' grain with 
radionuclides. A small volume of a solution 
containing , sSr, , J4Cs, &4Mn and 141Ce was 
applied at various stages of development. The 
effect of the presence of awns on the contamina-
tion, as well as field losses of activity, were also 
considered. 
EXPERIMENTAL METHODS 
The experiments were carried out on a clay-
loam soil at Rise in the summer of 1967. 132 
circular plots with a diameter of 40 cm were 
seeded with 40 grains on the 5th of May. The 
species used were R: rye (Petkus), B: barley 
(Bomi), W: wheat (Koga II), Wa: wheat with 
awns (No. 2046) and O. oats (Staal). The 
contaminations were carried out on the following 
dates. 
Experiment I. (30 plots): June 26th, when the 
ears had emerged in rye but not in the other 
species. 
Experiment II. (30 plots): July 5th, when the 
ears had emerged in all species except in the 
wheat variety with awns. 
Experiment III. (48 plots): August 1st. Before 
spraying, the awns were cut from half of all 
plots with rye, barley, and wheat (with awns), 
to examine the influence of awns on direct 
contamination. 
Experiment IV. (24 plots): Contaminated just 
before harvest—barley on August 16th and the 
other species on September 4th. As in experi-
ment III the awns were cut from half of all 
plots with rye, barley and wheat. 
Three replicates were systematically placed 
within each experiment. The contamination of 
a plot was performed as follows: The spraying 
device (cf. Fig. 1) was placed over the circular 
plot and the upper cylinder fixed so that the 
top of the chamber was approx. 20 cm over the 
top of the foliage. A 10 IT' activity solution 
(8 fxCi »»Sr, 4»Ci "4Cs, 8 uCi MMn and 16 ttCi 
M,Ce on August 31st, 1967, with 25 ppm carrier 
as nitrate of each nuclide) was injected by a 
syringe into the activity container. Pressurized 
argon was applied, and the grain received the 
activity as a fine spray in 5 sec. Afterwards 
10 ml distilled water was sprayed to remove 
residual activity in the syringe and the spraying 
aggregate. The spraying chamber was removed 
from the plot and the inner walls of the chamber 
were washed with 11, water, which was collected 
in a polyethylene bottle for later y-activity 
determination. This washing removed nearly 
90 per cent of the activity retained on the walls. 
On the average 9-8 ± 3-5 per cent (ISD) of the 
10 ml activity solution applied to each plot 
was found in the wash-water. After the spraying 
a wire cage covered with plastic foil was placed 
over the plot for 2 days to prevent wind and 
precipitation from removing the activity from 
the plants before the drops from the spray could 
dry. 
The deposition of activity onto a plane 20 cm 
below the spray nozzle was tested by spraying 
filter-paper. This experiment revealed a signifi-
cantly higher deposition in the center of the plot 
than in the periphery. To avoid possible con-
sequences of this inhomogeniety all plant 
material in a plot was included in the measure-
ment sample. 
Half of all plots in each experiment, except 
IV, were harvested 2 days after the contamina-
tion to determine the initial retention of radio-
activity. In experiment IV the mature samples 
were identical with the initial samples. Mature 
as well as initial samples (indicated by indices: 0) 
were cut just above the soil surface. The 
samples were dried at 80°C for 24 hr. Initial 
samples were measured as total plants, except 
in III , where the grain was measured separately. 
The mature samples were divided into straw, 
husks, and grain.* The samples were y-mea-
sured on a lithiumdrifted 2-3 cm* planar ger-
manium detector.*4' The samples were measured 
along with standards of 10 ml spray solution 
having the same geometry as the samples; the 
results were reported in percentage of activity of 
*Oats and barley had their inner husks, while 
wheat- and rye-grain had no husks. 
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Fie. 1. The spraying chamber, (a) tap for draining-ofT wash water, (b) the lowermost 
Plexiglass cylinder, (c) plugs for clamping the cover, (d) the movable Plexiglass cover, 
(e): stainless steel container for the activity solution, (f) 'Fool proof' branches, (g) injec-
tion of activity solution, (h; inlet tube for pressurized air, (e) Plexiglass disk, (j) stainless 
steel nozzle. 
the standard, i.e. the amount sprayed over each 
plot corrected for decay. 
To overcome the difficulties in the statistical 
analysis which might arise from differences in 
the growths of the crops, or from variations in 
the application of the spray, or from local 
variations in the experiment field, it was decided 
to study the nuclide ratios. The four nuclides 
yield six ratios: Cs/Ce, Cs/Sr, Cs/Mn, Mn'Sr, 
Mn/Ce, Sr/Ce.* The first step in ihe statistical 
analysis was a transformation of these ratios 
to their natural logarithms, as the ratios had a 
log-normal rather than a normal distribution. 
Second, a 3-sided analysis of variance was 
performed on each of the six ratios with the 
main effects: Experiments (I, II, III, IV, and 
III,) , species (R- R+, O, B-, B+ W, Wa- , 
Wa+ ) f and plant parts (grain, husks, and straw). 
The 3-sided analysis of variance was followed 
by two sets of 2-sided analysis of variance; 
these included 30 analyses within experiments 
(main effects: species and plant parts) and 18 
analysis within plant parts (main effects: 
species and experiments). 
As the interactions were significant in nearly 
all analyses of variance the main effects were 
tested against the interactions only. A difference 
'The atomic weights are emitted here and in the 
following chapter. 
f Indices - and + refer respectively to the absence 
or presence of awns before the spraying. 
VI 
« t 
360 
was considered significant if the 
was 0-01 or less. 
A.AAKKKOG 
pairs of 
that the initial 
III and IV wa 
(cf. Table 5) to 
tdsorpnoaofGeii 
less than lor the 
KESULTS AND! 
Thtyidds 
Tables 1 and 2 snow that theyidds of the wheat 
species were lower than the yields of the other cMpmntd as the putt »tag« 
species. All yields in the experiment were initially retained by the 
TmUtX. Ihy yiMs mf m* mvim pmH$ tf mi fmwt$ m 
^Isa 
*»**«" 
of the asnassM 
(ef. Table 4). 
<•* 
SpCCMS 
Rye 
Oats 
Barley 
Wheat 
Wheat with awas 
Grain 
I2S± 5 a 
122 ±13 a 
1I8± 6 a 
47 ± 6 b 
2»± 3c 
Straw 
16»± C a 
I15± l3b 
1 2 6 ± 4 b 
m± »c 
TCdc 6 c 
Hasts 
2 « ± l a 
22±2a 
24±2a 
2»±3a 
N £ l i 
Total aerial parts 
ofdwpssM 
*72±l3a 
2S9±26b 
u»± 9 b 
142 ±17 c 
IZ2±IOc 
•The experiments did not 
same letters ma 
nanifc-s.irty 
(r»<O0l). 
7 # i w 2 . AmmmfWtf mj Ms%f^M0 tjmt Øitim Øtftt tf Wm ftmrnt t ,pm/ht 
Ry* 
Oato 
Barley 
Wheat 
Wheat with awns 
Eapl . 
Total yield 
173 
71 
131 
40 
53 
Eap.II, 
Total yieM 
ISO 
75 
140 
49 
52 
Grain 
71 
99 
120 
20 
12 
Esp, III, 
Total yidd 
991 
219 
295 
III 
123 
significantly greater than is usual under field 
conditions. This might be a result of the great 
number of plants per unit area in the experiment. 
Thi uutM rtUnlun 
The rather dense growth of the plants resulted 
in a high initial retention fat the crops as shown 
in Tabic 3. The spraying ofa very small volume 
of active solution would tend to minimize the 
dependence of initial retention on species and 
nuclide. It was, however, possible in the 
analysis of variance of the initial ratios between 
M I P D U T O N " * sound that wheat sprayed before 
ear emergence contained 044-0-12 per cent 
of the initially retained "Sr in the gram and 
5-2-10-3 per cent of the initiaDy retained ***G«. 
In samples sprayed after ear emcrgencr, he 
found 0-86-1-79 per cent **Sr and 3-0-10-2 
per cent ""Cs. Table 4 mows that these results 
are m reasonable agreement with the corre-
sponding percentages m the present capejiment. 
Analysis of variance on the nuclide ratios 
showed that m most cases there were no signi-
ficant differences between spctsts as regards the 
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Table 3. Activity initially retained on the total crops expressed as the percentage in the spraying solution 
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Species 
Rye with awns cut off 
Rye (with awns) 
Oats 
Barley with awns cut off 
Barley (with awns) 
Wheat (without awns) 
Wheat with awns cut off 
Wheat (with awns) 
Nuclide 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Q 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Cs 
Ce 
Sr 
Mn 
Cs 
Exp. I 
. 
— 
— 
— 
82-5 
810 
77-5 
791 
66-1 
61-2 
59-5 
59-5 
— 
— 
— 
— 
95-7 
91-6 
97-6 
87-5 
50-8 
470 
48-8 
49-4 
— 
— 
— 
— 
80-7 
79-3 
78-8 
761 
Exp. II 
— 
— 
— 
61-3 
57-3 
56-6 
58-7 
61-5 
62-9 
61-9 
64-8 
— 
— 
— 
— 
79-2 
79-5 
82-2 
79-3 
510 
49-8 
44-8 
51-9 
— 
— 
— 
— 
56-4 
63-9 
57-5 
55-4 
Exp. HI 
44-4 
551 
570 
63-7 
40-8 
480 
47-8 
514 
41-8 
461 
441 
48-1 
49-4 
56-8 
58-8 
58 8 
49-5 
58-3 
58-4 
62-9 
30-1 
34-9 
35-2 
39-8 
431 
49-3 
47-8 
52-8 
41-5 
50-8 
50-9 
53-6 
Exp. IV 
51-9 
52-9 
56-0 
55-8 
48-7 
55-7 
57-0 
55-7 
41-7 
53-3 
488 
49-7 
60-8 
74-8 
77-6 
770 
65-5 
70-8 
720 
73-4 
43-1 
49-5 
49-0 
49-7 
47-4 
550 
45-4 
53-8 
50-6 
57-5 
56-6 
56-8 
six nuclide ratios. Consequently, the means of 
all species were reported (cf. Table 5). 
Grain. All ratios except Cs/Mn, showed 
significantly higher values in exp. I and II than 
in III and IV, and all ratios in I and II were 
significantly higher than the initial ratios. This 
confirms the expected order: Cs > Mn > Sr > Ce 
for absorption and translocation of these 
elements. 
The longer the times between contamination 
wtd harvest, the greater were the ratios. 
Husks. The ratios in husks were significantly 
less than in grain, and in accordance with the 
translocation pattern for the 4 nuclides. Table 5 
furthermore, shows that Cs/Ce, Cs/Sr, Cs/Mn, 
and Mn/Sr in husks were greater in exp. I and 
II than in III and IV, and that the ratios in I 
and II were significantly higher than the initial 
ratios in the total plant. This indicates that the 
translocation of Cs from straw to husk occurs 
preferentially as compared to the other nuclides. 
Straw. The ratios in straw were, as expected, 
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Tablt 5. Mean ratios for all species with a summary qflht results of the analysis of variant* 
Ratio 
C»/Ce 
C»/Sr 
Cs/Mn 
Mn/Ce 
Mn/Sr 
Sr/Ce 
Experiment 
I 
II 
III 
IV 
III. 
I 
II 
III 
IV 
III. 
1 
II 
III 
IV 
III. 
I 
II 
III 
IV 
HI. 
I 
II 
HI 
IV 
HI. 
I 
II 
III 
IV 
HI. 
Grain 
aI85a 
a 130* 
b30ot 
c2-5* 
r2-9* 
a65x 
b26* 
c3-3« 
c2-3* 
c3-4* 
a2-3* 
a2-3« 
al-8a 
a2-7» 
a2-9* 
a75* 
a6Ia 
b!7a 
cl-OI* 
c 1-27« 
a29a 
a!3ot 
bl-9n 
c0-89a 
be IS« 
»3-3a 
a60a 
a8 la 
bl-I5a 
bO-84? 
Husks 
a6-3? 
bl-93 
cO-52? 
cl-14? 
»7-53 
b2-6p 
cO-753 
cl-OOp 
a 2 i s 
abI-42« 
cO-683 
be I 00? 
a2-5p 
a0-97p 
aO-790 
al-I4a 
ab3-8i) 
bcI-93 
cdl-13p 
dl-OOat 
aO-673 
aO-57? 
aO-72|? 
aH5a 
Straw 
b0-58y 
bO-55? 
bO-73? 
al-lbf 
aI-213 
al-46y 
a I-33? 
hO-943 
b0-99a 
bl 01S 
bcO-743 
bcO-82* 
cO-663 
abl.02f) 
a 1-203 
bO-84r 
bO-70{J 
al-080 
a l !7a 
al-183 
a21p 
abl-73 
be I-443 
cl-OOa 
cO-993 
bO-413 
bO-433 
abO-763 
al-17* 
al-19a 
Total plant 
initially 
bO-94 
blOO 
al-27 
abl-15 
bO-99 
blOO 
a l 0 9 
blOl 
aO-98 
a 103 
aI-08 
a I 03 
b096 
bO-98 
al-17 
a l ! 3 
alOl 
a0-97 
a 100 
aO-98 
bO-96 
blOl 
al 17 
al-15 
Ratio* with the same roman letter in a column are not significantly different (P < 0-01). Ratios with 
the same greek letter in a row are not significantly different. 
usually less than in husks. In exp. Ill and IV 
there were, however, no differences between the 
two plant parts. The straw ratios in these 
experiments were close to the initial ratios in 
total plants. In exp. I and II the ratios in straw 
were less than the initial ratios in total plants, 
except for Cs/Sr and Mn/Sr. This is explained 
by the differences in the transport of the nuclides 
to the grain (and husks), as well as by the 
differences in the nature of field loss (cf. Fig. 3). 
Total plant. Figure 2 shows (as an example) 
the relative distribution of the four nuclides 
within the rye plant in the different experiments. 
Each nuclide was given a sector of 90° irrespec-
tive of its actual contribution to the total activity 
of the plant. It appears that the Cs and Mn 
found in the grain increase according to the 
length of the period between contamination 
and harvest; this, at the expense of their levels 
in straw and husks. It also seems that Sr and 
VI 
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Flo. 2. The relative distribution of activity between grain, straw and husk* in rye (R*). 
Ce mostly stick to the straw in exp. I, indicating 
little or no translocation of these nuclides to 
the grain. The figure also shows that husks, 
especially in exp. Ill and IV, contain a con-
siderable part of the total activity, although the 
husks amount only to less than one-tenth of the 
total weight of the aerial parts of the plant (cf. 
Table 1). This preferential uptake in the husks 
might be a result of the method of spraying. 
Difference between species. The analysis of 
variance showed that the Cs/Ce and Cs/Sr 
ratios in grain and the Cs/Ce ratios in husks 
were higher in wheat than in barley, especially 
in exp. I and II (cf. Table 4). The reason might 
be that the ears of wheat in I and II were less 
developed than »he rs»rs of barley. 
The Mn/Ce ratio in straw was significantly 
higher in barley than in the other species (cf. 
Table 4). This might be a result of the shorter 
time available for the translocation of Mn from 
straw to grain in the case of barley, as this 
species was harvested at an early date. 
In exp. I the Mn/Sr ratio was significantly 
higher in oats than in rye. This is explained 
by the fact that rye was the only species in exp. I 
where the can had appeared, and thus the only 
species which absorbed Sr in appreciable 
quantities ;n the grain and husks. 
Table 4 indicates that grain from rye with 
awns showed higher activity levels than grain 
from rye from which awns had been cut. The 
opposite was the case for barley. The reason 
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for this different behaviour of rye and barley 
might be that the removal of the awns from 
barley leaves an open wound in the innerhusks, 
thus rendering the barley grain more suscept-
able to contamination. As rye has no inner-
husks this effect does not play any role. It 
seems that, in this case, the presence of awns is 
the dominating factor. 
Interactions. In all 3-sided analyses of variance 
on the nuclide ratios the two-factor interaction 
between experiment and plant part was signi-
ficant. The 2-sided analysis of variance showed, 
in most cases, significant interactions between 
experiment and species, and between species 
and plant part. The interactions are explained 
by the fact, that the different species differed in 
development especially in experiment I and II 
(ears emerge' or still hidden) and thus reflected 
different ab -iiies to absorp the different nu-
clides. 
Loss of activity from total plants 
The Sr levels in grain as well as in straw and 
husks were less than the levels of Mn, although 
the initial uptake of these nuclides in the total 
plants, was nearly the same (cf. Tables 4 and 5). 
The field loss was thus greater for Sr than for 
Mn. MIDDLETON<*> was not able to prove any 
significant difference between the removal times 
of various nuclides in cabbage (for "Mn, 
••Sr, »*Zr, »MRu, »»I, »'Cs, »"Ce) nor in 
grass (for »«Sr, >»'Cs, '"Ce). 
Figure 3 shows the mean ratios between 
harvest activity and initial activity in the aerial 
parts of rye and barley. (Oats and wheat were 
excluded in this comparison due to significantly 
greater variances than for rye and barley). 
The figure shows that Ceand Mn with a half-life 
of 4-5 weeks were lost from the plants, while 
the half removal time for Sr was approx. only 
3 weeks. The behaviour of Cs (not indicated 
in the figure) seems to be different from the 
other nuclides. There might be a double 
exponential field loss of Cs from rye and barley: 
one rather fast and one more slowly. 
MIDDLETON<*> found that »»Cs was retained 
to a somewhat greater extent than the other 
nuclides in his cabbage experiment, but he 
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could not prove any Matistically significant 
differences. 
In the present experiment it was of statistical 
significance that Sr was more easily removed 
from the aerial parts of rye and barley than Ce 
and Mn. Middleton found in his grass experi-
ment that the removal of »"Sr, ' "Cs and , MCe 
could be described by a simple exponential 
curve of the form>=e-**, where x is the number 
of days after spraying and_» the percentage of the 
initial deposition which remained on the 
herbage. The value of the constant k he found 
equal to 0-05 with a standard error of ±0-02. 
In a later experiment, MILBOURNO found for 
•»Sr in grass *=0-054 ± 0005. The values for 
k in the present experiment were 0-037 for Sr 
(SE : 0002) and 0-023 for Ce and Mn (SE : 0002). 
The faster removal of Sr than of Ce and Mn 
from the plants might be explained by a greater 
solubility of the absorbed Sr than of the absorbed 
Ce and Mn. To verify this, 4 grain samples, one 
of each species, from experiment III, were 
washed (four months after the harvest) with 
distilled water (4 vol. H,0/1 vol. grain) for 90 
sec during mechanical stirring. Of the Ce, Cs 
and Mn, 1-5 per cent were removed and of the 
Sr 6-5 per cent, by this washing. This supports 
the findings in the present field experiment. 
Indirect contamination of the crops througi. 
the root system has not been considered in this 
experiment, but is assumed not to be of any 
significance. 
SUMMARY AND CONCLUSIONS 
The direct contamination of cereal crops with 
Cs and Mn follow similar pictures: both nuclides 
(Cs somewhat more readily than Mn) are 
translocated within the plant and the activity 
levels in the grain relative to that in the vegeta-
tive parts of the plants increase with time from 
contamination to harvest. Ce, and to some 
extent Sr, shows the opposite picture: after the 
contamination the grain content of Ce will 
decrease relative to the straw. Sr and Ce show 
maximum grain levels, if the contamination 
has occurred during the last month before 
harvest. The concentration of Ce and Sr in 
grain are relatively low as compared to Mn and 
Cs. Sr is, unlike Ce, transported, although in 
minor amounts, from other aerial parts of the 
plant to the grain. Hence the grain contained 
more Sr than Ce, while the opposite was the 
case for the straw. 
The field loss of Sr in the aerial parts of the 
plants was greater than the loss of the other 
nuclides. 
The experiment did not give an unambiguous 
answer to the question of the importance of 
awns in direct contamination, and it did not 
give sufficient information as to why rye grain 
in survey studies'*' shows higher activity than 
other species. 
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AARKKOG A. and UPPER r J . Direct contamination of barley with "Cr, "Fe, "Co, " £ n , "*" f <""' 
"•"Pb. RADIATION BOTANY 11, 463-472, 1971.—A study of barley sprayed at six different 
stages of development with radionuclides of Cr, Fe, Co, Zn, Hg and Pb. The initial retention 
followed the equation: IR = 1 - e - * » t-"""', where g is the dry weight of the herbage in a plot 
in grammes, and cm the height of the plants at spraying. 
The field loss depended on the growing rate and the development of the plants and thus varied 
throughout the growing period. The field loss coefficient X was 0-054 days'1 in the fint part 
of the period and 0-017 days ' in the second part. If the whole growing season is considered, 
the los; of activity in per cent is about equal to the time in days from the spraying to harvest. 
Zn 4nd Co showed the highest concentrations in the grain. The translocation of Cr, Pb 
and Hg within the plant was small. Fe was translocated to the grain as was Zn, but to a far less 
extent. 
INTRODUCTION 
I N AN earlier paper ' " the direct contamination 
of rye, barley, wheat and oats with , s Sr , , 3 4Cs, 
5 4 Mn and 1 4 , Ce has been described. The four 
nuclides were chosen as representative of the 
most common long-lived radionuclides in fall-
out from nuclear weapons testing. Os and Mn 
showed an evident translocation, whereas Sr 
a n d especially Ce only moved little within the 
plants. 
The aim of the present experiment was to 
investigate the behaviour of six other nuclides. 
Cr, Fe, Co and Zn were chosen because they 
a re common corrosion products in nuclear 
power plants'*' and as regards the three last 
named occasionally also occur in fall-out.<u ' 
H g and Pb were selected because they belong 
to the important nonradioactive pollution pro-
ducts, and besides a l , P b is a constituent of 
natural fall-out. '*' 
Information on intra plant transport of 
corrosion products and heavy metals could be 
useful in connection with assessments of food-
chain movements and radioecological hazards. 
Only barley was considered in the present 
experiment because it has previously'1 ' been 
shown that an experimental comparison be-
tween the different species was not possible 
with the experimental technique we used. 
EXPERIMENTAL METHODS 
The experiment was carried out in the same 
area and after the same principles as used in 
1967.11' The experimental field was divided 
into forty-eight circular plots made up by eight 
rows and six columns. Each row was an experi-
ment and was designated: I, I I - V I , A, O, to 
minimize cross-contamination between experi-
ments, they were arranged systematically ac-
cording to increasing degree of contamination 
(I was lowest and VI highest at harvest). Table 1 
shows the data for the experiments. 
The spraying chamber used in 1967'1' was 
modified; the upper part was unaltered, but 
we replaced the walls by a disposable poly-
ethylene bag which was renewed after each 
463 
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spraying; 5-10 per cent of the dosed activity-
were found on the bags. The bags were one 
metre long with a diameter of approx. forty-
eight cm and had no bottom. They were 
stretched by three rings and carried by a rack. 
Apart from this the spraying procedure was 
the same as in 1967. 
After each spraying (cf. Table I), which was 
performed in the order: experiment O (one 
RESULTS AND DISCUSSION 
Tht initial rtttntion: IR 
IR is the ratio between the activity found in 
the herbage from the plot and the amount of 
activity dosed. IR was expected to be related 
to the surface of the plants at spraying time, 
and in fact \ye found from table 2 that 
IR^I-e- r * , *« m ~ I (r=0-9628), 
where g is the dry-matter weight, cm the height 
Table I. Experiment*! data 
Experiment 
I 
II 
HI 
IV 
V 
VI 
A 
O 
Spraying date 
May 28 
June 15 
June 25 
July 9 
July 27 
Sept. 2 
May28,JuneI5,25 
July 9,27, Sept. 2 
May28,Junel5,25 
July 9,27, Sept. 2 
Height of 
plants, 
cm 
13 • 
33 
50 
79 
79 
79 
— 
Dry matter weight 
or herbage: grammes 
± 1 SE at spraying 
3-4 i 0-8 
37 ± 8 
69 4 3 
182
 L33 
277 ± 6 
317 ± 6 
— 
Spraying 
solution 
U 
V 
U 
U 
V 
U 
U/6 
H , 0 
Remarks 
Start of car emergence 
The ears fully emerged 
All plots were sprayed 
each time 
Only one plot was 
sprayed each time 
The spraying solution U contained on April I, 1970:5 mCi "Cr, 1-25 mCi »'Fe,2-5fiCi "Co, 50 fiCi "Zn, 
125 uCi "*Hg, and 25 uCi "*Pb per 10 ml solution with 25 ppm carrier as nitrate of each nuclide. Solution U/6 
consisted of one volume U and live volumes H,0, 10 ml being sprayed on each date. 
The grain was seeded on April 30 and harvested on Sept. 3, 1970. 
In the mature plants 58 per cent were grain, 11 per cent husks and 31 per cent straw on dry-weight basis. 
plot), experiment A (six plots) and experiment 
Roman numeral (six plots), the area was pro-
tected against rain for 24 hr. After this drying 
period we harvested every other plot in the 
Roman numeral experiments to determine the 
initial retention. 
The plant material was dried at 80°C for 
24 hr and divided into grain, husks and straw 
in a glove box. We measured the radioactivity 
on a 30 cm* Gc(Li) detector connected to a 
1024-channel Hewlett Packard analyser and 
a H.P. 9100 B Calculator, which permitted a 
rapid and accurate calculation of the six 
nuclides in the samples. The following photo 
peaks were used: *"Pb: 47 keV*, "Co: 122 keV, 
**Hg: 279 keV, MCr: 320keV, "Zn: 1110 keV 
and »»Fe: I290 keV. 
of the plants as shown in Table 1, and r the 
coefficient of correlation. 
Contrary to the 1969 experiment^1' the 
initial retention in the present experiment was 
on the average only 80 per cent calculated for 
the same stage of development. This could be a 
result of differences in the drying conditions. 
Table 2 shows that the uptake of Hg was 
approx. two-thirds of that of the other nuclides, 
probably on account of an eaiier evaporation 
of this nuclide. The other nuclides did not 
differ significantly in initial retention. 
•The counting efficiency for the 47 keV photo peak 
from n'Pb was so low that a possible n*Pb content 
in the weakest samples (e.g. grain from experiments 
I, II and III) was not meaiureable. 
VI! 
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Tablt 2. Activity rctciiud in crop immediately after spraying, expressed as per tent øf total activity in the initial spraying 
solution 
Nuclide 
Pb 
Co 
Hg 
Or 
Zn 
Fe 
Mean 
Expt. I 
8-2 ±0-5 
3-6 ±0-2 
2-4±0-l 
3-7 ±0-3 
3-8±0-3 
3-6±0-3 
4 
Expt. II 
26± 2 
29± 2 
37± 4 
36± 4 
604-10 
49± 8 
40 
Expt. HI 
48±7 
5 l ± 7 
21 ± 4 
48 ± 6 
45 ± 6 
47±6 
43 
Expt. IV 
61 ± 7 
66±6 
41 ± 4 
61 ± 5 
59±5 
60±4 
58 
Expt. V 
63±2 
70±2 
48±2 
67 ± 3 
62 ± 2 
65±2 
63 
Expt. VI 
71 ± 6 
76±1 
62 ± 2 
71 ± 2 
6 B i l 
67±2 
69 
Mean 
46 
49 
35 
48 
50 
49 
The error term is the SE of the mean of triplicates. 
The content in mature crops 
Experiment A, which represented repeated 
contamination throughout the growing season, 
showed more or less the same distribution of 
Pb, Hg, Cr and Fc: within the plant just about 
10 per cent in grain, 30-35 per cent in husks 
and the remainder in straw. Co and Zn showed 
30-40 per cent in grain, 25-30 per cent in husks 
and the remainder in straw. As compared with 
the weights of the three parts of the plant (cf. 
Table 1) it is evident that the grain receives less 
and the husks more than was to be expected 
from the weight alone. This is, however, only 
the case when contamination is performed as in 
experiment A (cf. Fig. 1). 
When we compared the levels in experiment 
A with mean of the six Roman numeral experi-
ments: (2/6), the mean ratio between A and 
2/6 of all nuclides and parts of plants was 
0-94±0-05 (1 SE), i.e. not significantly different 
from 1. The main reason for the mean coming 
out as less than 1 was Hg, which for all plant 
parts showed lower levels for the plots sprayed 
with the diluted solution. In our opinion this 
can be ascribed to the dilution of the activity 
without maintenance of the carrier concentra-
tion, which will displace the equilibrium 
H g + H g + ^ H g , ^ 
to the left and thus increase the possibility of 
evaporation of Hg.The lower Hg levels in experi-
ment A could, however, also be accounted for 
by the repeated spraying! in that experiment 
which might have rubbed off some of the 
deposited Hg. 
In this comparison two factors were con-
founded: the concentration of the spraying 
solutions and the additivity of successive 
sprayings. Thus we cannot (except for Hg) 
preclude an effect from dilution of the spraying 
solution, but it seems highly improbable to us 
that the two factors should exactly neutralize 
each other. 
Indirect contamination 
In experiment I the barley was allowed to 
regenerate on the three plots used for initial 
samples. The regenerated plants were harvested 
along with the other samples, and the mean 
levels in this experiment I' are shown in Table 3. 
The total plants from experiment 1' (corrected 
to the same yield as I) showed B0 per cent Co, 
50 per cent Hg, 20 per cent Zn and 20 per cent 
Fe of the respective nuclide levels in mature 
total plants in experiment I. In the case of 
grain the percentages of the mature grain levels 
were: Co: 1-5, (Hg: 65)*, Zn: 20, and Fe: 25. 
Root uptake (and stem base absorption) could 
thus not be completely neglected in experiment 
I, but was usually leu than a few per cent of the 
activity level in the mature plants in the other 
experiments (note that the figures in Table 3 
are the percentages of initially retained activity 
in total crops, i.e. in the case of experiment I' the 
figures are the initial levels from experiment I 
in Table 2). 
Field loss. In the 1967 experiment'1) we found 
•On account of the very low Hg levels in grain the 
percentage is very approximate. 
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Zn Co 
F* Cr 
Pb Hg 
i 
Exp: 
m ! 
\/*,:>• X/M'--. 
r2^f l i' 
I I D S T C 
I l Groin [_J Huslts [ | | | Straw 
FIG. I. The relative distribution of the activity within the plants for each of the six experiments. 
that Sr was removed from the plants with a half-
life of about three weeks, i.e. the coefficient 
of field loss was X=0-037 days'1. Ce and Mn 
were lost with a half-lift of four to five weeks 
(A =0-023 days-1) and Cs probably a little more 
slowly. The present experiment lasted for a 
longer period (97 days against 68 in 1967), and 
•howed a double exponential field loss. 
The field loss was greatest during the first 
part of the growing season. Later, when the 
growth rate became slower, the field loss de-
creased cf. Table 4. This observation is in 
K?- .-ment with that of GHADWICK it «/.,(*> who 
found the field loss to be greater in the summer 
(half-life — 19 days) than in winter (half-life 
49 days) when the growth of herbage is slow. 
A further examination of the field loss for 
barley reveals a relationship that is closer to a 
linear than to an exponential expression. The 
mean loss of activity expressed as the percentages 
of the activity initially deposited on the plants 
(i.e. 100 minus the figures in the last column in 
Table 4) was nearly equal to the number of 
days from spraying to harvest (cf. Fig. 2). 
Taklt 3 . Ptr etui of initial activity rttaimd in ntatuit grain, husks and straw 
Grain 
Husks 
Straw 
Pb 
Co 
Hg 
Cr 
Zn 
Fe 
Pb 
Co 
Hg 
Cr 
Zn 
Fe 
Pb 
Co 
Hg 
Cr 
Zn 
Fe 
Expt. I 
. „ 
0-43-1-0-04 
0-06±0-03 
002 ±0-01 
II ± 2 
12 -0-02 
0 1 4-0-1 
0-6 ±0-4 
—. 
0-7 ±0-2 
0 0 5 + 0 0 1 
4 , 2 
4 4.1 
0-6 hi 
1-6 ±0-5 
11 ±0-2 
Expt. 11 
3-4 
0-007 
0-05 
a 0-9 
0-57 
0-06 
0-04 
0-42 
007 
13 
6-5 
12 
27 
2 8 
15 
•0-3 
1
 +0002 
+ 001 
+ 1 
+ 0-2 
+ 0 0 8 
+ 002 
+001 
+0-08 
+ 001 
+ 2 
+ 0-9 
+ 1 
-i 3 
+ 0-5 
±3 
Expt. Ill 
__ 
»•6 4-0-7 
O i l 1004 
0-34 ± 0 0 5 
15 -i-2 
1-5 +0-2 
0-544 0-09 
1 0 + 0 2 
1-3 +0-4 
11 ±0-2 
0-9 +0-2 
10 + 0 1 
16 +2 
7 +1 
30 + 6 
39 +5 
10 + 2 
32 ± 5 
Expt. IV 
0-2 
18 +.3 
0-6 ± 0 1 
1-5 -fcO-2 
29 +_4 
2-0-S-0-3 
5 4,1 
3-4 +0-4 
II + 2 
6 +1 
3-8+0-7 
5 LI 
26 , 9 
12 +3 
21 +7 
30 47 
•5 J;4 
25 f6 
Expt. V 
5 -i 1 
29 ± 2 
4-2 i C-4 
6-5 t o « 
32 +2 
7-5:0-5 
22 4 2 
10-7 1-0-7 
58 + 4 
25 i 2 
21 ± 2 
26 +2 
28 + 8 
12 + 3 
22 ±6 
21 +.5 
17 i-4 
21 + 4 
Expl. VI 
8 2 t0-8 
6-6 ± 0 1 
8 0 + 0-3 
7-4>0-3 
7-6101 
U-2 i 0-4 
23 
33 
78 
38 
49 
17 
44 
42 
41 
42 
43 
44 
i 3 
i l 
4.-5 
•• 3 
i 3 
::3 
' • 5 
•1.2 
1 3 
-i-3 
±3 
4.3 
Expl. A 
4-2 
16 
2 0 
3 6 
19 
4-2 
15 
14 
19 
15 
14 
14 
23 
20 
13 
24 
18 
22 
Ex 
0006 
004 
2-2 
0 3 
0-7 
003 
Dl 2 
3-7 
2-3 
0-2 
013 
ipl. 1' 
iO-OOJ 
t 002 
.OB 
• 0 1 
-0-4 
• 0-1)1 
001 
!0-B 
:.0-6 
• 01 
r 0 0 5 
The error term is the SE of the mean of triplicates. All samples were corrected for the background activity found in expt. O. The inilially retained 
activities in expt. A were estimated as the corresponding mean levels in Table 2. The percentage for cxpt, I' were based on the initial retention 
in expt. I, and the percentage were calculated for "normal" yield, i.r. a yield approx. 50 per cent higher than loimd in expl. I'. 
TaW» 4. Pmmtagt »/initial activity nmaimnj in t*t*i pUml at ktrvnt 
Expt. I 
I 
11 
111 
W 
V 
V l | 
1-V 
mm precipitation 
)aysfrom until 
harvest 
97 
79 
69 
55 
37 
0 
1V-VI 
harvest 
87 
86-5 
80 
57 
34 
0 
Xdavi-« 
H/2 days 
r 
Xdays> 
H / 2 days 
r 
Pb 
— 0 
l3-3±l-5 
»6-9 ±2-6 
30-9±9-2 
55 ± 8 
78 ± 8 
0-035: 
20 
0-9965 
0-016 
44 
0-9436 
Percentage of initial activity at harvest i 
Co 
4-7 ±1-5 
(1-0) 
10-4 ±0-9 
12-3±l-8 
33-8 ± 5 1 
52 ± 4 
82 ± 2 
0-042 
17 
0-9869 
0-016 
48 
0-9837 
( ± 1 SE) 
H i 
5 - l± l -5 
(2-8, 
1 2 0 ± l - 4 
3 l 6 ± 5 - 8 
32-6±72 
84 ± 8 
127 ± 7 
0-046 
15 
0-9735 
0-022* 
32 
0-9420 
Cr 
0-6 ±1-5 
27 i 3 
40 ±3-3 
36-8 ±7-5 
53 ± 6 
87 ± 5 
— 
— 
— 
0-OHf 
51 
0-9689 
m total plants 
Zn 
13-5±2 
( t l -D 
l l ' 6 ± 2 
25-6±7 
48-2 ±6-6 
69 ± 5 
100 ± 5 
0-032 
22 
0-9309 
0-013 
54 
0-9825 
Fe 
2 3 ± 0 - 3 
(!••) 
!6-5±2-7 
34-8 ± 5 
32-2 ±6-1 
54 ± 6 
91 ± 5 
0048 
14 
0-8902 
0015« 
45 
0-9636 
Meanrfcl SE 
4-4 ± 2 
(2-6) 
15 ± 3 
27 ± 4 
36 -fc3 
61 ± 5 
94 ± 7 
0 0425(0050) 
16 (14) 
0-9660(0-940) 
0-0166 0 0182* 
42 38 
09679 09788 
The figures in brackets (in expt. I) are the field loss corrected for indirect contamination as found from expt. r (cf. Table 3). 
•Calculated from expts. I1I-VI. 
fCakulated from expts. 11-VI. 
tCalculated from expts. II-V. 
Ilnexpt. VI the theoretical percentage is 100 i.e. the ratio between the activity in (grain + husk+straw) from three of the six plots and in 
total plants from the other three plots, however, owing to sampling and measuring errors this did not hold true. 
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• a i-
"""/*! 
1 / 
I ' 
V 
T-09950 
m 20 » 40 !J so "n to « «M <I 
7"tr*r Norn »preying t« *isr»«4t. day* 
FIG. 2. The mean field loo (± t SE) of Pb, Co, Hg, 
Cr, Zn and Fe from barley during the growing season 
(loss in per cent = days from spraying to harvest). 
There was little rain during the first part of 
the experiment (cf. Table 4), but nevertheless 
the field loss was greatest in this period. MOORBY 
tt a(Su) have suggested that the considerable 
loss of activity found in rapidly growing plants, 
even under dry conditions, might be a result 
of the shedding of wax from the leaves. 
The half-lives measured in the 1967 experi-
ment corresponded to the half-lives measured 
in the second period of the present experiment, 
which was to be expected as the 1967 experi-
ment was carried out only during the last two-
thirds of the growing period, i.e. the 1967 
experiment corresponded to experiments III-
VI of the present experiment. 
Distribution within the plants 
Grain. The order of activity levels in grain 
(cf. Fig. 3) was: Zn > Co > Fe > Cr > Pb ~ 
H%. From a regression analysis we found that 
the Co/Zn ratio in grain from experiments I-V 
followed the equation 
(Co/Zn^J ^^O^gcm-1-0-095 
(r--=0-9932) (2) 
where g and cm were taken from Table 1 [cf. 
also equation (1)], and the activity ratio was 
calculated from Tables 2 and 3. Since initial 
retention was approximately the same for Zn 
and Co, equation (2) illustrates that Zn is 
translocated more easily than Co from other 
parts of the plant to the grain (cf. Fig. I). The 
Fic. 3. The levels in mature gram (expressed as 
percentages of the activity in the 10 ml spraying 
solution) as a function of spraying lime [±l SE 
indicated). Pb was not nKsaurcabfc if the level was 
below 0-05 per cent. 
relatively highest level of Co in grain was sound 
when the contamination took place at a time 
when the grain made up a substantial part of 
the plant. (Experiment VI does not come 
through in thn and the following comparison 
because the time be.ween spraying and harvest 
was so short that there had been no time for a 
redistribution of th: activity within the plant.) 
When the Cr/Fc ratio in grain was treated in 
a regression analyss, we got 
(Cr/Fe)fr^,=0-32g c n r ' - O I ? 
(r=0-9446), (3) 
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i.e. an eountion quite simi'w to (2) MM an 
usdkation of a preferential translocation of Fe 
lo gram as compared wiihCr. The I 
of Fe is, however, amen ha* than i 
fer Zn: the Fe/Zn ratio in grain was appro«. 
0 4 9 and nearly constant far experiments I-1V. 
Figure 3 illustrates the greater translocation 
of Zn and Fe to the gram as compared with that 
of the other nuclides: the slopes are steeper far 
Co, Or and Hg than far Zn and Fc. 
Htaks. There was no significant difference 
between the Zn, Fc, Or, Co and Pb levels in 
husks from experiments HI-VI. Hg, however, 
showed higher levels in these experiments than 
did the other nuclides. In ciptritntnu I and II 
the Zn and Co levds were higher than those of 
Fe and Cr as was the cast with grain. 
Stam*. In experiments IV-VI there was no 
significant difference between the levels of the 
afferent nuclides in straw. In II and III the Zn 
and Co leveb were significantly lower in straw 
than those of the other nuclides as could bc 
expected from the relatively high Zn and Co 
levels in grain and husks. 
CHAMOERLAIX'4) has introduced 
"normalized specific activity": 
the term 
NAA. Activity kg-' dry weight of crop 
activity deposited day-'m~ 
The term is analogous with the rate factor: 
pCi-kg-' dry weight of crop 
In the cme of gram f, » bused on the i 
rate in the months prior to harvest and not on 
the whole year.« In use tahutntitn of the 
N.&A. far eg . herbage, Hmnlmliin med 
mean of the dairy fall out mats far a two month 
period, i.e. the month of i uuing and the pre-
Tabk 5 shows the N-SJL n l m far the 
present and the 19*7 experiment. <>> The con-
m~*) from .iptriintiital (1-44 kg mr* in 1*70 
and 045 kg m * in 1967) is difficult. Not only 
method slioum be cotaadcrcd. On one Imnd the 
spraymg procedure tends to give a Ingber 
retention on the leaves than raindrops, on the 
other hand we have dry fall-out under natural 
conditions - duett may add significantly to the 
activity levels of the herbage. <«^ «-»*» 
In the calculation of N.&A. for natural 
conditions we estimated that the i 
ToMr 5. MnmHuJ tfttéfir mtmty (JVJ.A.)**> m *•*> pmm min 
Nuclide 
"•Pb 
"Co 
~ H « 
*»Cr 
•»Zn 
"Fe 
•»Sr 
I M C , 
**Mn 
"'Ce 
••Sr 
'"C» 
»•Mn 
N.S.A. 
CXpCIIIWCfllml 
1-2 
SO 
0-65 
12 
l>0 
1-4 
1-7 
6-1 
3-5 
15 
— 
— 
N.S.A. 
natural 
- 3 
» 1 2 
- I S 
— 3 
- 1 5 
— 3-5 
- 2 - 5 
- 9 - 5 
- 5 - 5 
- 2 - 5 
3-9 
7-5 
8 ± 3 
Kcfoofb 
The activity d">ta were obtained from 
Tanks 2 and 3. We used ihr mean levels 
found from cxpts. A and E/6. 
The period of contaunnation was ninety* 
seven days. 
(rf. abo the text) 
The activity data arc from nfc ium (I). 
The period of comammaiion was snty-
eiehldays. 
(cf. abo the text). 
The rale factors found for 1962 inSt*" 
were und in the calcinations. Mn is the 
mean of the values found in 1963 and 
1964 ( i I »Eh 
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uptake was 75 per cent of the artificial*. The 
comparison in Table 5 between the empirical 
N.S.A. values for »°Sr, m C s and "Mn , and 
N.S.A. „,,. based on the 1967 experiment 
shows that 75 per cent can be used as a rough 
estimate. 
SELMER-OLSFN et a/.'") have measured the 
lead concentration in samples collected at 
different distances from a main road in Norway 
near Oslo. They found in 1969 003-005 mg 
Pb/1 precipitation at a distance of 50-100 m 
from the road. During the growing season for 
barley the mean precipitation in Oslo'') is ~ 
330 mm. Hence the fallout rate becomes 0-08-
013 mg Pb m-» day -». In Table 5 the N.S.A. 
for natural conditions is estimated at 3, and 
this means that the expected level in barley 
grain becomes 0-24-0-40 mg Pb kg-'. SELMER-
OLSEN et «/.<"> found 0-3-0-5 mg Pb kg~» in 
barley grain grown 100-50 m from the road. 
The fall-out rate of approx. 0-1 mg Pb m~* 
day -1 is probably low fordensely populated areas. 
Thus E. G. KLOKE et «/.(»> found 3-4 mg Pb/kg 
barley grain in West Germany at locations 
distant from traffic. 
High lead content might, however, also be a 
result of lead uptake through the roots from the 
soil. The importance of this kind of contamina-
tion with lead has not yet been completely 
clarified. The literaturel'-'-'o) gives contra-
dictor)' information on this point. The present 
experiment, however, shows that direct con-
tamination is likely to be an important route for 
leac' in gram. 
SUMMARY AND CONCLUSIONS 
The initial retention in growing barley was 
related to the surface of the plants at the time 
of spraying, if the surface is expressed as the 
ratio between the dry weight of the plants and 
their height. 
If the plants were contaminated throughout 
the growing season, the distribution of Pb, Hg, 
•Although the rrop density was lower in the 1967 
than in the present experiment, we used the same 
initial uptake in both cases, because the differences 
in drying conditions as mentioned above might have 
increased the initial uptake in 1967 and thus resulted 
in an overestimate of the N.S.A. experimental. 
Cr and Fe followed nearly the same pattern 
within the plant, i.e. 10 per cent in grain, 
30-35 per cent in husks and the remainder in 
straw. Co and Zn showed 40-40 per cent in 
grain, 25-30 per cent in husks and the rest in 
straw. 
During the first part of the growing period the 
plants showed a rapid loss of activity. The field 
loss corresponded to a half-life of approx. two 
weeks. In the second part of the growing period, 
when the plants had nearly attained their final 
size ar.d shape, the field loss was lower. In this 
period most nuclides showed a half-life of six 
seven-weeks. For a growing plant such as barley 
where the morphology changes rather rapidly, 
the field loss could either be described by means 
of a number of exponential equations each 
covering some part of the total growing period, 
or, if the whole period is considered, by means 
of a linear function, where the loss of activity 
from the foliage is proportional to the number 
of days from spraying until harvest. 
The order for direct contamination of barley 
grain was: Zn > Co > Fe > Cr > Pb ~ Hg. 
Zn was very easily translocated within the plant 
contrary to Cr, Pb and Hg; Co and Fe took up 
an intermediate position. 
The experiment showed that a substantial 
part of the lead content of grain might be 
explained by the direct contamination of crops 
by airborne lead. 
It should be recognized that the conclusions 
reached from the present experiment may not 
be applicable to field conditions because the 
spraying procedure represents somewhat of an 
artifact. In the field the plants receive the 
activity in large volumes of highly diluted 
solutions, and this might result in a different 
initial retention as compared with the present 
uptake from a small volume of a relatively 
highly concentrated solution. 
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RADIONUCLIDE LEVELS IN MATURE GRAIN RELATED 
TO RADIOSTRONTIUM CONTENT AND TIME OF 
DIRECT CONTAMINATION 
A. AARKROG 
Health Physics Department, Danish Atomic Energy Commission Research Establishment, 
Risø, DK-4000 Roskilde, Denmark 
(Received 25 March 1974; accepted 18 July 1974) 
Abstract—Information on the relative behaviour of radioelements besides the well-known 
fallout nuclides "Sr and 137Cs in cereal crops may be important in the assessment of monitoring 
programmes after unintentional releases of radioactivity to the terrestrial environment, be it 
airborne or transferred from the aquatic milieu in contaminated irrigation water. 
In the present study a variety of radionuclides were administered as a fine spray to cereal 
crops at different stages of development. The direct contamination of cereals depends greatly 
on the stage of development of the plants. Certain nuclides, e.g. "Sr, 14*Ce and "»Ru will 
hardly show up in the grain, if contamination takes place at the early stages of development. 
Nuclides such as **Zn, "Fe, 1,7Cs, *°Co and **Mn are, on the other hand, easily translocated 
to the seeds, and may therefore be present in cereal products even if crops have been contami-
nated several weeks before ear emergence. 
The radionuclide levels in grain relative to radiostrontium follows with approximation the 
equation: r = ae~M, where r is the relative level and t is the time from ear emergence to 
contamination of the crops; a and b are constants which characterize the translocation of a 
nuclide relative to radiostron.ium. In case of an environmental contamination of cereal crops 
by known (relative) amounts of ""Sr and y-emitting radionuclides it is possible to use the above 
equation to estimate the ""Sr levels in the mature grain from y-spectroscopical determination of 
the accompanying nuclides, thus avoiding laborious radiochemical analyses. 
INTRODUCTION dissemination of these products is mainly to the 
TERRESTRIAL vegetation mainly takes up radio- aquatic milieu, and radioecological studies of 
nuclides by direct contamination. Studies of these radioelements have therefore been carried 
the radioactive fallout from nuclear weapons out only to a limited extent for the terrestrial 
testing (UNSCEAR, 1958, 1962, 1964, 1966, environment. 
1969 and 1972) and experimental contamina- As releases of activation products to the ter-
tion (MIDDLETON, 1969; MIDDLETON and restrial milieu cannot be precluded in emergency 
SQUIRE, 1961; AARKROO, 1969) of various crops situations or perhaps as a result of use of con-
have elucidated the contamination mechanisms taminated water for irrigation purposes, infor-
for common fission products such as I,7Cs and mation on the behaviour of these radioelements 
•°Sr. is needed. 
Cesium-137 is translocated within the plants, Since 1967 experiments with artificial, direct 
i.e. this radionuclide will be present in the grain contamination of grain species, mainly barley, 
products even if the contamination has occurred have been carried out at Risø. Until now fifteen 
at an early stage of development. Strontium-bO elements have been studied, namely Sr, Cs, Ce, 
on the other hand shows relatively little internal Ba, Sb and Ru representing fission products, Zn, 
transport in the plants, and if contamination of Fe, Co, Mn, Na and Cr representing activation 
a crop takes place during the first part of the products, and finally three representatives of 
growing period, only minor amounts of *°Sr non-radioactive contamination: Cd, Hg and 
will be found in the mature grain. Pb. 
Beside fission products nuclear installations The aim of the present investigation was to 
also release activation products, e.g. "Fe, "Zn, study the relative iranslocation of radioisotopes 
**Mn, •»•••Co, iM"5Sb, »«Cs and "Cr. The of Ru, Sr, Sb, Mn, Co, Cs and Fe in barley and 
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wheat plants and to propose a quantitative ex-
pression for the translocation ability of a given 
nuclide relative to radiostrontium. Information 
on the relative translocation of radionuclides is 
useful in the formulation of monitoring pro-
grammes in case of radioactive contamination 
of the terrestrial environment. 
EXPERIMENTAL METHODS 
The study was carried out in the summer of 
1972 according to the principles used previously 
(AARKROO, 1969; AARKROG and LIPPERT, 1971). 
The experimental field was divided into 65 
plots. Each of five experiments comprised six 
plots with barley, six with wheat and one with 
barley or wheat used as background control. 
Two experiments were contaminated before 
emergence of the ears, and three afterwards. 
TD avoid possible edge effects the experi-
mental circular plot (1/8 m*) was surrounded by 
a larger ( 1 x 1 m l) plot where the same species 
were grown as in the experimental plot. Before 
the spraying we put a plastic ring round the 
experimental plot. This ring was left in the plot 
until harvest so that we could identify treated 
plants from untreated. 
Each circular plot was sprayed with 10 ml of 
spraying solution and then with 10 ml of distilled 
water. The 10 ml of spraying solution contained 
on 1 May 1972: 8 fid "Sr, 100 /id wFe, 
6 ftd MMn, 0.6 fid "Co, 6 ^Ci »«Sb, 2 jiCi 
1MCs and 20 ,«Ci 103Ru. The carrier contentra-
tion was 10 ppm except for Fe and Mn where 
it was 25 ppm. The solution contained 0.1 M 
citric acid and 0.025 M oxalic acid/per 1., and 
the pH was 1.6. 
Before the measurements the plant material 
was dried at 80°C for 24 hr and divided into 
grain, husks and straw in a gleve box. The 
radioactivity was determined on a 30 cm3 Gc(Li) 
detector connected to a 1024-channel Hewlett-
Packard analyser together with an H.P.-9810A 
calculator. The following photopcaks were used: 
"Co: 122keV,»"Sb: 427 keV, 1<0Ru: 497keV, 
"Sr: 514 keV, »*Cs: 605 keV, "Mn: 835 keV 
and "Fe: 1095 keV. The activity levels in a 
sample were given as a percentage of a standard 
containing 10 ml of the spraying solution, i.e. 
all level were automatically corrected for radio-
active decay, and the activity administered to a 
plot was 100 % for all nuclides and experiments. 
RESULTS AND DISCUSSION 
To overcome the difficulties in die interpreta-
tion of the results which might arise from diffi-
culties in growth of the crops, from variations in 
the administration of the spray, or from local 
variations in the experiment field, the nuclides 
were all related to **Sr, i.e. we determined the 
ratios: »»Ru/^Sr, >"Sb/"Sr, "Mn/"Sr, »**Cs/ 
"S.- and "Fe/MSr (in the following we shall 
omit the atomic weights). 
Table 1 summarizes the experimental data. 
The yields in the experimental plots were 
approx 25 % lower than under normal Danish 
agricultural conditions. Tables 2 and 3 show 
the level of the various nuclides in the mature 
crops. Figure 1 shows the radionuclide ratios in 
the different parts (grain, husks and straw) of 
mature wheat and barley related to the con-
tamination time. If there had been no differ-
ence in the behaviour of the seven nuclides, all 
ratios would have fluctuated around unity, and 
die variations would all have been due to ex-
perimental errors. It is, however, evident from 
Fig. 1 that die experimental errors were not 
sufficient to explain the deviations of the curves 
from unity. 
Ttblt 1. EwpmanuUtU 
Experiment 
No. 
1 
II 
III 
IV 
V 
Harve« 
Sprayinf 
dale 
6 June 
21 June 
i My 
26 July 
17 Auguil 
28 Auguil 
Height of 
„ .
 ltm> 
Barley 
31 
56 
78 
78 
62 
~" 
cropt 
Wheat 
38 
57 
81 
94 
93 
-~ 
Dry-matter weight of 
herbage al spraying (g ± 1 S.E.) 
Barter Wheat 
I 6 ± l l l ± 0 
35 ± 4 36 ± 1 
55 ± 3 69 ± 22 
95 ± 0 79 ± 14 
83 ± 8 88 ± 7 
— —* 
Dry-matter »eight of 
herbage at barren (g ± 1 S.E.) 
Barley Wheat 
75 ± 8 
96 ± 9 
92 ± 1 2 
82 ± 1 0 
7 9 ± 2 
~" 
6 6 ± 7 
95 ± 4 
91 ± 4 
9 B ± I 2 
81 ± 1 3 
— 
Grain yieldi of 
mature 
Barley 
37 ± 3 
48 ± 5 
4 6 ± 7 
41 ± 5 
41 ± 0 
"
— 
planu 
S.E.) 
Wheat 
24 ± 3 
4 8 ± 5 
37 ± 1 
S 9 ± 6 
35 ± 4 
— 
Accumulated 
amount of 
precipitation 
linceftm 
•praying 
0 
37 
39 
58 
112 
114 
The grain w«, town on 4 April. The wade a n up around 20 April. The can tnxrftd between < 
experimental plot wal 1/8 in*. 
• II and III around I Jury. The 
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6 S 
A. AARKROG 559 
Barky 
Grain 
Husk 
Straw 
Tatar 2. 
Exp. 
I 
11 
I I I 
IV 
V 
I 
I I 
I I I 
IV 
V 
I 
11 
111 
IV 
V 
nr oat a/arawrr at 10-aai rprejau; jal 
"Co 
0.10 ± 0.04 
0.24 ± 0.04 
1.43 ± 0.24 
1.48 ±0.21 
LIS ±0.18 
0.039 ± 0.012 
0.12 ±0.03 
033 ±0.07 
2J9 ±0.32 
9.30 ±0.54 
0.64 ± 0.20 
1.85 ±0.27 
2.07 ± 0.15 
5.04 ± C.23 
10.5 ±0 .2 
M»Sb 
0.011 ±0.007 
0.075 ± 0.018 
0.92 ±0.1« 
0.99 ±0.16 
1.26 ±0.20 
0.031 ±0.015 
0.11 ±0.04 
1.19 ±0.1« 
2.52 ±0.25 
10.1 ±0.6 
0.86 ± 0.3! 
1.76 ± 0.27 
2.42 ±0.06 
3.25 ±0.71 
9.28 ± 0.29 
tiara a i ^ « . > h 
»•»Ru 
0.006 ± 0.002 
0.16 ±0.02 
0.51 ±0.11 
1.18 ±0.18 
0.10 ±0.03 
1.46 ±0.18 
2.59 ±0.23 
9.57 ±0.58 
I.I« ± 0.4* 
2.79 ±0.3« 
3.51 ±0.16 
4.41 ± OJO 
9.22 ± 0.24 
• a — r « , i an. l u l l a W j — (aai 
»Sr 
_ 
0.012 ±0.005 
0.14 ±0.03 
0.89 ±0.14 
1.24 ±0.20 
0.074 ± 0.019 
0.84 ±0.13 
tJI» ±0.31 
9.91 ±0.77 
0.91 ± 0.36 
3.81 ± 0 3 3 
4.11 ±0.1« 
6.42 ± 0 JS 
10.4 ±0 .4 
" • C , 
0.16 ± 0.06 
0.45 ±0.07 
2.15 ± 0J2 
1.14 ± 0.16 
1.68 ± 0.26 
0.050 ± 0.015 
0.17 ±O03 
0 J I ±0.15 
1.46 ±0.10 
9.16 ±0.88 
0.85 ± 0 J 3 
2.01 ±0.20 
J.67 ± 0.16 
3.36 ±0.11 
9.75 ± 0JS 
" M o 
0.080 ±0.024 
021 ±0,03 
0.47 ±0.10 
0.84 ±0.12 
MS ±0.20 
0.031 ±0.008 
0.10 ±0.02 
0.66 ±0.09 
iM ±0.31 
9.08 ±0.64 
0 J 6 ± 0 J 2 
2.73 ± 0.42 
3.0« ±0.14 
6.87 ± 0.39 
10.3 ± 0.2 
*»Fe 
0.70 ± 0 J 7 
037 ± 0.06 
IJ4±0.22 
1.00 ±0.17 
1.04 ± 0.18 
0.077 J-0.023 
014 ±0 .6* 
1.13 ±0.16 
3.26 ±0.40 
10.1 ±0.5 
1.0* ±0.34 
SJ0±OJ2 
333 ± 0 . 1 * 
3.37 ±0.2« 
9.61 ±0.16 
The« r terras the S.E. el the i >af triple 
Variation between species 
The Fe/Sr ratio was generally higher (P > 
97.5 %) in grain of wheat than of barley, while 
the ratio in husks and straw did not differ 
significantly for the two species. 
In the case of the Cs/Sr ratio we found a sig-
nificant (P > 99 %) interaction between species 
and experiments for grain and a significant 
(P > 99.5 %) second-order interaction between 
species, experiments and plant parts, but only 
for husks and straw. It was thus not possible 
generally to state whether Cs was translocated 
more extensively in barley than in wheat relative 
to Sr, because in some experiments some plant 
parts of wheat showed the highest Cs/Sr ratios, 
in others those of barley did. 
The Mn/Sr ratio was significantly (P > 99 '/,) 
greater in wheat than in barley grain, while the 
ratio in straw was lower for wheat than for 
barley {P > 99.95 %). Husks did not differ for 
the two species. It was thus evident that, rela-
tive to Sr, Mn was translocated to a greater 
extent in the wheat plant than in barley. 
The Co/Sr ratio showed the same pattern be-
tween wheat and barley as Mn/Sr, but the 
difference between species was not significant in 
this case. 
The distribution of Sb/Sr and Ru/Sr within 
wheat and barley resembled the pattern found 
for Cs/Sr. The second-order interactions in the 
anovas were significant, i.e. the relative lapse of 
the curves (for a given ratio) for the plant parts 
as a function of experiment was different for 
wheat and barley (cf. Fig. 1). 
Hence we may conclude that all the six ratios 
(Fe/Sr, Cs/Sr, Co/Sr, Mn/Sr, Sb/Sr and Ru/Sr) 
were different in wheat and barley. However, 
only in the case of Mn/Sr did we find a syste-
matically greater translocation for whe?t than 
for barley. 
Wheat 
Grain 
Huk 
Straw 
r«M»9. J"»r 
Eip. 
I 
II 
HI 
IV 
V 
I 
II 
III 
IV 
V 
I 
II 
HI 
IV 
V 
crRf arft'rtr, ar aV 10-ml ipnjint rrfaaW aWw/ m m fUt r* MMawr, »raw. 
" C o 
0.38 ± 0.06 
0.(4 ± 0.03 
2.24 ±0 .14 
4.90 ± 1.94 
0.47 ± 0.05 
0.14 ±0.01 
0.22 ± 0.02 
0.67 ± 0.09 
5.18 ± 0 . 7 8 
9.21 ± 0.45 
0.48 ± 0.04 
1.38 ± 0 . 0 3 
l.«l ± 0.12 
3.06 ± 0 . 4 2 
7.40 ± 1.00 
«»Sb 
0.004 ± 0.002 
0.034 ±0.002 
0.34 ±0.04 
1.48 ±0.38 
0.29 ±0.01 
0.021 ±0.001 
0.21 ±0.02 
1.56 ±0 .12 
3.44 ±1.32 
10.7 ± 0 . 5 
1.53 ±0.17 
3,43 ±0.08 
4.84 ±0.49 
4.69 ± 1.47 
7.09 ± 0.63 
, W R« 
0.004 ±" 0.004 
0.052 ± 0.039 
0.30 ±0 .10 
0.41 ±0.07 
0.066 ±" 0.024 
1.2* ±0 .13 
3.02 ± 1X16 
10.4 ± 0.5 
1.57 ±0 .25 
3.69 ±0 .15 
4.61 ± 0.59 
7.00 ± 2.29 
6.83 ±0 .87 
»Sr 
0.006 ±" 0.004 
0.23 ±0 .02 
0.59 ±0 .25 
0.96 ±0 .12 
0.021^0.006 
0J6 ±0 .06 
3.54 ±1 .34 
10.4 ± 0.6 
i .06±O.I4 
4.5« ±0.07 
3.44 ± 0.46 
7.99 ±2.07 
7.29 ±1.11 
M N •*• strwtW \utmtti ftr ndwivtav wnøi 
«»Cf 
0.20 ± 0.03 
0.11 ± 0.05 
2.58 ± 0.23 
2.5! ±0 .97 
1.05 ± 0.10 
0.098 ±0.009 
0.36 ±0 .04 
1.47 ±0 .14 
2.53 ±0 .84 
9.95 ±0 .63 
1,39 ± 0.19 
3.42 ± 0.09 
4.30 ± 0J0 
4.58 ± 0.17 
7,14 ±0 .76 
" M . 
0.13 ± 0.03 
0.41 ± 0.09 
1.01 ±0X16 
1 65 ± 0.49 
0.82 ±0.11 
0.059 ±0.006 
0.15 ±0 .03 
0.70 ±0 .10 
3.06 ± 1.14 
10.1 ± 0.6 
0.73 ± 0.13 
2.50 ±0 .19 
2.34 ± 0.24 
5.M ± 1.69 
7.16 ± 0.8« 
-Tt 
0.65 ±0.13 
!.05 ± 0.05 
2.59 ± 0.15 
2 J « ± 0.7« 
0.35 ±0.03 
0.14 ± 0,01 
0.17 ± 0.02 
1.00 ± 0.1« 
3.03 ± 1.63 
10.9 ±0 .5 
1.39 ±0.18 
3.4« ± 0.08 
4.12 ± 0.35 
7.19 ± 1.54 
7.36 ± 0.96 
Tbt error term •> the S.E. of the mean at triple drtrrminatloa«. 
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Fio. 1. Radionuclide ratios in pain ( ), hurts ( ) and straw ( ) of mature 
wheat and barley related to contamination time (cf. Table 1). The vertical ban indicate ±1 
S.E.ofmemeanoftripledeterminations. Experiment I was omitted fcr grain and husks because 
only one Sr determination was available for these plant parts in that experiment. The ;hxuta 
and the ordinate indicate the experiments I-V and the radionuclide ratios r, respectively. 
Anovas on the Ru/Cs, Sb/Cs, Mn/Cs and 
Co/Cs ratios showed that compared with Cs, Ru 
and Sb were translocated to a greater extent in 
barley than in wheat, whereas the opposite was 
the case for Mn and Co. 
Variation bttuttn plant parts 
In most cases the ratios (cf. Fig. 1) were 
greater in grain than in husks, which in their 
turn were greater than in straw. The lapses of 
the curves were, however, very different fer the 
three plant parts. The grain ratios showed the 
steepest (negative) slope. The ratios in straw 
did not generally show any marked slopes, and 
when they did, the slopes were positive rather 
than negative. Ratios of Sb/Sr in wheat and 
Ru/Sr in both species did not follow the pattern 
above. For these ratios we found no common 
tendency as we did for the other ratios. 
We may conclude that Fe, Cs, Co, Mn and 
Sb (in barley) showed a translocation relative to 
Sr from straw to husks and from hus. > to grain. 
Ruthenium was not translocated relative to Sr. 
Variatun bttutm txptrimtnts 
Figure 1 shows that all ratios in grain and 
husks, except Ru/Sr, showed higher levels in the 
first experiments than in the last. 
We may again conclude that Fe, Cs, Co, Mn 
and Sb were all translocated less to the upper 
pails of the parts of the plant, relative to Sr, as 
time we.it by. In agreement with this the ratios 
in straw tended to increase with time. Since the 
activity reservoir in straw generally was greater 
than in the other parts of the plant, it was not 
possible to observe any consistent influence of the 
translocation to the grain on the ratios in straw. 
VII! 
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Variation between nuclide ratios 
In Fig. 1 the ratios have been arranged 
according to the steepness of the slopes for grain. 
The slopes were used as an expression for the 
translocation ability—the steeper the slope, the 
greater the translocation rate. 
The curves for the ratios in grain approxi-
mated straight lines, i.e. the ratios (r) varied 
roughly exponentially with time. 
By regression the data were fitted to the 
equation: 
r = .e-»«, (1) 
where the independent variable t is the time in 
days (rom ear emergence to contamination of 
the plot; (is negative if the spraying was before 
emergence of the ears, and positive if it took 
place afterwards; it is a measure of the stage of 
development of the crops; a is a constant which 
states the nuclide ratio if the contamination took 
place at the lime of ear emergence; b is the 
relative translocation rate factor. Table 2 
shows a summary of the constants for the regres-
sion lines for the different ratios. 
Although we observed differences between 
wheat and barley in the internal transport of 
the nuclides, wc jh-ll consider such differences 
unimportant in the present context and make no 
distinction between the species in the regression 
analysis. In most cases we found significant 
deviation of the data from the regression line. 
This could mean either that die logarithms of 
the ratios were curvilinear functions of ( or that 
there was a large amount of random hetero-
geneity around the regression line (or perhaps a 
mixture of the two). We supposed heterogeneity 
was responsible for the significant deviation, and 
we tested the significance of linear regression 
against the deviation from regression, and found 
significant linear regression for all ratios (except 
Ru/Sr). The radionuclides according to the 
translocation rate factor b can be arranged as 
follows: 
Fe > C s ~ C o ~ Mn > Sb > Sr, 
i.e. Sb was translocated less rapidly than Mn, 
Co and Cs which was probably translocated 
more slowly than Fe. All five nuclides were 
translocated more rapidly than Sr. 
It is interesting to notice that for the ratio in 
equation (1) equal to unity, i.e. at the contami-
nation time where no further translocation 
occurred between spraying and harvest, f aver-
aged 40 + 2 days ( ± 1 S.E.) for the five ratios. 
This is in agreement with the time when the 
crops have matured (PEDERSEN, 1963). After 
maturity we assumed that no active transport 
of nuclides took place within the plant. 
Experiments in earlier years 
In 1%7, M,Ce, MSr, »«Cs and "Mn were 
studied (AARKROG, 1969) in wheat, barley, oats 
and rye. If regression equation (1) is applied to 
these data, we get the values for m and b shown in 
Tabic 2. The last experiment in 1967 was not 
included in the data as the spraying took place 
the day before harvest, i.e. 2-3 weeks after 
maturity. The values are in reasonable agree-
ment with the 1972 data in Table 4 considering 
that species as well as contamination times and 
growing conditions were different in the two 
years. 
In the studies in 1970 (AARKROC and LIFPERT, 
1971) and 1971 (AARKROG, 1972), Sr was not 
included among the nuclides examined. It was 
then fore necessary to use other reference 
nuclides, and the determination of the radio-
nuclide ratios for these years thus becomes more 
uncertain. Table 4 shows the estimated con-
stants to lie substituted into equation (1). 
We may now arrange the nuclides examined 
according to their translocation ability as 
follows: 
Zn > Fe > Cs > Co > Mn > Na > Cd 
S Sb > Cr > Sr ~ Ce <— Ru > Ba 
~ H g ~ P b . 
Like Ru, Ba, Hg, Pb and Ce showed no trans-
location relative to Sr. 
The behaviour of certain nuclides may vary 
with their chemical state, e.g. the oxidation step. 
The internal transport may also be influenced by 
completing agents. We shall therefore consider 
the above mentioned order of translocation only 
as a rough guide. 
Practical applications 
It is well known that "Sr belongs to the group 
of most hazardous radionuclides. Its determina-
tion in environmental samples is laborious be-
cause y-spectroscopy cannot be applied. In the 
case of emergency monitoring of contamination 
of cereal cops it may be possible to avoid or at 
least to reduce substantially the number of **Sr 
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t a 
562 RADIONUCLIDE LEVELS IN MATURE GRAIN 
7aNr4. 71tM<aaui*«!•>«•«•».- « M M > -•»-»• (*MAM 19*7,1970,1»7I.mi 1971) 
Ratio 
FWSr 
Cr/Sr 
C / S r 
Mo/Sr 
Sb/Sr 
CWSr 
Ma/Se 
Zn/Sr 
Cr/Sr 
N a / V 
CtfSr 
Experimental 
1972 
1972 
1971 
1972 
1972 
I9S7 
19*7 
1970 
1970 
1971 
1971 
Specks 
»beat 
barter 
• k n t 
barter 
w a n t 
barley 
wbeat 
barter 
wheat 
barter 
ry* 
barter 
w a n t 
oatt 
"*. 
barter 
wheat 
•a t * 
barter 
barter 
barter 
barter 
« 
27.J 
22.4 
20.2 
111 
S.7 
M 
I « 
100 
• 
4 
» ± 1 S.E. 
0.0*7 i 0.00* 
0.071 ± 0.005 
o.an±a.oot 
0.0*0 ± 0 4 0 6 
O.SSt 10.003 
0.0« 
0.07 
0.10 l 
0.02 J 
0.0S i 
0.05 j 
Remarks 
T V l a « u p e i i a n a l ia 19*7 war 
tartuded ftent lb« cateulatien 
f ineret »d Irgaa the Za/Fe, Za /Co, 
TtK>. Ca/Cr ratio, *» 1970 esd the 
Fe/Sr aad Cfr/Sr retiea freer 1972 
b t i a a a t a s ' 6 « dM CWNa, Ca/Ca, 
N a / S b , a a a C « » r a b a a t e , 1971 and 
the CWSr a x l Sb/Sr raciat m 1972 
Reference 
AABaaao 
<I9#J) 
Aaaaaoo 
aadliooawi 
O « « 
(1971) 
The dale of rar emergence, l » 0, war axed at 1 July brail yean. 
analyses by applying values in Table 4 an 
equation (1). 
Let us suppose we know the relative or 
absolute amounts of the different nuclides in-
cluding *°Sr deposited from an accident. Let us 
further assume that by y-spectroscopy we have 
determined the y-cmitters in the mature crops 
and th3t their half-lives are long (>3/4 yr) as 
compared with the biological half-life in the 
crop which is 2-3 weeks (AARKROG, 1969, 1972; 
AARKROG and LIPPERT, 1971) for most nuclides. 
From information on the time of contamination 
it is then possible from equation (1) and Table 4 
to estimate the ••Sr level arising from the 
accident in the mature grain. The estimate will 
of course be improved if more than one y-emitter 
has been used in calculation. 
CONCLUSION 
The internal transport of , wRu, "»Sb, MMn, 
»
7Co, >»'Cs ar.d »»Fe relative to **Sr differed in 
wheat ai.d barley. The picture was in most 
cases obscured by significant second- and first-
order interactions. It was, however, evident 
that relative to Sr, Mn was translocated to a -
greater extent in wheat than in barley. 
The nuclide ratios r: Fe/Sr, Cs/Sr, etc. in 
mature grain could with approximation be re-
lated to the time (!) of contamination by art 
exponential expression: r = ae~*', a and * being 
constants describing the translocation ability of 
a nuclide relative to Sr. 
According to the a and b values the different 
nuclides were ordered after translocation ability: 
Fe > C s ~ C o ~ M n > Sb > S r ~ R u . 
After an accidental release of known amounts 
of **Sr and /-emitting radionuclides to the ter-
restrial environment, the lengthy radiochemical 
dctcnnination of radiostrontium in cereal crops 
could be avoided. If one knows the relative 
amounts of the released activities and makes a 
y-spectroscopical analysis on the mature grain, 
it is by means of the above expression possible to 
estimate the **Sr level in mature cereal grain. 
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Introduction 
Di'MNCt the early 1960s when the failout rate from 
nuclear weapons testing was reduced, grain pro-
ducts were the main contiibutors t.f radionuclides, 
such as *"Sr. "7Cs and "Mn, in the Danish diet 
(Aah4l. In a 1972 >tudy of plutonium in the New 
York diet. F'ennctt !Be74) found wheat products in 
the diet lo be among the most important foodstuffs 
with respect to the intake of plutonium. It was thus 
obvious to study the plutonium concentrations in 
Danish cereal grain. 
The root-uptake of plutonium, i.e. indirect 
contamination, has been studied for cereals such 
as wheat (Sc'5), barley i Se7?: Wi74!. and oats 
iCu 7 l : Gn7!) Root-uptake, however, only plays a 
minor role for the plutonium concentrations in 
cereals that originate from newly deposited 
radioactive debris. In this case cured contamina-
tion is the most important way of exposure. 
Nevertheless, very few results have been pub-
lished on direct Pu contamination of cereals; and 
onlv wheat has been examined to date iBe74; 
rr7?; Ad75). 
Materials and Methods 
The present study was carried out on grain 
samples of wheat, rye. barley, and oats collected 
in 1963 and 1%? from eleven Danish State Farms 
distributed over the country <Aa64). These 2yr 
were selected to obtain a set of sample populationN 
which, on the one side, differed significantly with 
respect to fallout rate lapprox a factor of five) and, 
on the other, showed sufficiently high concen-
trations to ensure a reliable plutonium deter-
mination. Plutonium was analyzed on !-?g grain 
ash by the classical anion-exchange method (Ta7l) 
and <i-counted for 3 days on a Si-detector; the 
standard deviation resulting from counting was 
about i r * . 
Result« 
The results were treated by a three-way analysis 
of variance (anova) <A-77). which showed a highly 
significant variation \P >99.9^f) between years 
and among species (Fig. 1). The variation among 
locations was not significant ( P ~ N ? ^ ) . but 
showed the same pattern as observed for other 
radionuclides found in Danish grain (Aa64i. i.e. the 
western high-precipitation locations (760mm yr '( 
showed higher levels than the eastern, low-pre-
cipitation stations (620 mm yr '). There were no 
significant interactions among years, species and 
locations. While the yearly variation of plutonium 
in grain followed that observed for wSr and l31Cs. 
the variation among species differed markedly. For 
direct contamination of ceroals <Aa64) with *"Sr 
' "Cs and "Mn. the general order of the concen-
trations of these nuclides has been; rye > barley > 
wheat oats, but for plutonium the order was: 
hariey > oats - rye > wheat, and the interspecific 
variance was significantly greater than that obser-
ved for other radionuclides 
The piutonium concentration in Danish wheat 
was approx 30CJ higher than that observed in US 
wheat in 1963 <Be74>: but the Pu/Sr and Pu'Cs 
ratios were comparable in the two studies. 
Ana'.sis of variance of the ratios between plu-
tonium and "Si . ' " C S and ,4Mn. respectively, in 
Danish grain showed that these ratios were 
significantly higher in barley than in wheat. As 
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FIG. I. The relative plutonium mean levels in spe-
cies of Danish grain collected from the whole 
country in 1963 and 196? calculated from the 
analysis of variance. The plutonium mean levels in 
the figure were dimensionless as they were 
obtained by division of the various group means 
with the grand mean: i = 0.66 pCi "?24,>pu kg"'. 
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compared with the nuclide ratios in nuclear debris 
(Table I), rye contained on the average 6% of the 
plutonium expected had the plutonium shown an 
uptake similar to that of the other nuclides; barley 
contained 15%. wheat Wc and oats 9%. From these 
percentages, and from the calculated transfer 
factors for "Sr, '"Cs and "Mn <Aa77: Aa 64) the 
transfer factors for plutonium can be estimated 
assuming the root-uptake of plutonium to be 
negligible: rye: 2. barley: 4. wheat: 0.7 and oats: 
3pCi Pu kg"' • yr per mCi Pu km"2. 
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The observed variation of plutonium 
contamination in Danish cereal grain may be 
ascribed to the morphology of the grain species 
rather than to physiological peculiarities. In the 
case of wheat, the mutual protection of the grains 
in the relatively compact ear and the absence of 
awns in Danish wheat varieties reduce the direct 
contamination by insoluble particulate debris, such 
as plutonium fallout, and may furthermore facili-
tate the removal of adsorbed particles. As to 
barley, the inner glumes and the long awns may 
enhance the capture and the retention of parti-
culate debris. Rye also has awns but the grain is 
bare as in wheat; oats on the other hand have no 
awns but do have inner glumes. This may explain 
why rye and oats lie between barley and wheat as 
to susceptibility to direct plutonium contamina-
tion. 
To determine the role washing played in the 
concentrations, two samples of wheat grain and 
two of barley from 1963 were washed (150g grain 
were stirred mechanically for 30 min in 11, of 20*C 
distilled water) and the Pu-ratios between washed 
and unwashed grain were determined. For barley, 
the mean ratio was 0.73x0.02 (IS.E.) and for 
wheat 0.4610.02, showing that the barley grain in 
fact retained its plutonium more efficiently than 
the wheat grain. 
The consumption of rye bread made from 
whole-grain flour in particular is the main reason 
why Danish cereal products have been especially 
of interest to radioactive contamination. The 
present results thus called for an examination of 
the plutonium concentrations in bread. Rye bread 
contained 0.22±0.05 (IS.E.) of the Pu found in 
rye grain (by fresh weight). For "Sr, '"Cs and 
**Mn. the corresponding mean was 0.69 ±0.04. 
Thus approximately two-thirds of the plutonium 
had been removed from the rye during the 
manufacture of the bread, in the case of plutonium 
in white bread, the bread to wheat ratio was 0.09. 
This ratio was not significantly different from that 
observed ror "Sr (0.11). or for "Mn (0.0J). but was 
lower than that for "'Cs (0.25). because '"Cs is 
translocated more easily than the other nuclides. 
This shows that plutonium as well as "Sr and MMn 
adhere mainly to the bran: approx 109 of these 
nuclides are absorbed in the depths of the gram 
and are not influenced by any washing. The 
difference between the plutonium concentrations 
in rye bread was not as pronounced as the plu-
tonium levels in rye and wheat might have 
suggested. 
The total deposition of 2MM*Pu in Denmark at 
the end of 1975 was l.7mCikm"2 (Aa77). From 
this figure, and from the above estimated transfer 
factors and bread/grain ratios, the infinite, time-
integrated plutonium levels in Danish rye bread 
and white bread were estimated at 0.75 and 
0.1 pCiPukg'yr. respectively. As the consump-
tion rates of the two types of bread were approx 
40 and 60 kg yr ' per capita, the plutonium intake 
from the consumption of bread was 36pCi per 
capita. The uptake of plutonium from the 
gastrointestinal tract was assessed at 3 x 10"' 
(Un77); hence the whofebody content originating 
from Danish bread consumption was 1 fCi 
2W
-
2
*Pu. F-om the latest l/NSCEAR publication 
(Un77) the total wholebody plutonium content in 
Danish individuals was estimated at 1.5 pCi. It is 
thus evident that, although Danish cereal products 
contained relatively high plutonium concen-
trations, their contribution lo the wholebody 
content was not very significant. 
Nearly all plutonium in the human body is 
derived from the inhalation pathway, and a situa-
tion where direct plutonium contamination of 
cereal grain is the critical pathway is unlikely. 
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PREDICTION MODELS FOR STRONTIUM-90 AND 
CAESIUM-137 LEVELS IN THE HUMAN FOOD CHAIN 
A. AARKROG 
Health Physics Department, Danish Atomic Energy Coramissioa Research Establishment 
Riso, DK-4000 Roskilde, Denmark 
(Jfcrmrf 17 A«**fcr 1969; n mW.ferm 13 Mtnk 1970) 
Abstract—Milk, rye, barley, wheat, oats, potatoes, cabbage, caiots, beef, pork and total 
diet have been collected all over Denmark since the 1961-62 test series and analysed for 
**Sr and '"( j . Along with the performance of diet measurements, precipitation, soil and air 
samples were collected and analysed for "St. The diet levels were related to the fall-out 
data by a least squares analysis. It was not essential whether concentrations in air (or 
precipitation) or deposited activity were used in the 'rate" and "lag'' terms, although the 
deposition data tended to give the best models. Slronuum-90 determinations in human 
bone and whole-body '"(Is measurements were pe-formed for the same period as the diet 
measurements. Quantitative models of the transfer c f **Sr and UTCs to man were calculated 
in analogy with the equations used for diet OR bmtMict was calculated from the soil factors in 
the equations. The prediction models were transformed to exponential equations, which 
served for the calculation of the dose commitments to the Danish population. 
INTRODUCTION 
T H E PRIMARY purpose of radioactivity measure-
ments in the human food chain is to evaluate 
whether the radionuclides are present in con-
centrations that might be harmful to man. A 
secondary- aim, which ultimately serves the 
primary- end, is to collect information on the 
relation between the activity levels. From such 
surveys or experimental investigations it is 
possible to set up quantitative expressions which 
might serve as prediction models for future 
contamination level*. 
The classic equation'11 for these prediction 
-.rodels was that proposed in 1958 for the yearly 
*°Sr mean levels in milk, on the assumption that 
the "Sr in milk comes from: 
(a) direct deposits on leaves, assumed to be 
proportional to the fall-out deposit in a one-
year period, the fall-out rate being (FT in 
mCi/km*/yr); 
(b) uptake through the roc.s of vegetation, 
assumed to be proportional to the accumulated 
deposit in soil {Ft in mCi/km*). 
The average *°Sr level in milk, Cjy, was 
found from 
CM = cF, + bF„ (1) 
where a and b were proportionality constants, 
often described as the "rate" and "soil" factors. 
This classic equation was later improved by the 
introduction of a third term, the so-called "lag" 
rate factor,'1' which took into account the in-
fluence of fall-out in the preceding year on the 
contamination of pastures and stored food 
consumed by cattle : 
Cu=aFr + cFt + bFt (2) 
where F , is the deposition during e.g. the last 6 
months of the preceding year and c a proportion-
ality constant, the "lag" rate factor. 
During the 5 yr period 1963—1967 the pre-
dominant source of long-lived fall-out was the 
debris from the 1961—1962 test series. During 
this period only small amounts of "Sr a n d m C s 
originated from later tests.'" Consequently it 
has been possible to follow the activity levels in 
the food chain, practically undisturbed by fresh 
amounts of fall-out, for a longer period than 
possible at any time since nuclear weapon 
testing began. 
As during this 5 yr period the fall-out rate 
followed an exponential decay with reasonable 
approximation, it has been the aim to describe 
the various levels in the human food chain by 
exponential equations lor these years. 
The purpose was furthermore to obtain more 
reliable estimates of the soil factors in equations 
(I) and (2) than hitherto and especially to 
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whether mCs revealed any soil 
the increase ilt importance «f 
(s«d uptake). 
MATERIAL AND MSTMOOS 
laaHof Denmark aad the Faroes samples of 
air. aredpstation, anil, the n M important diet 
uiinpontnn (mUk, cereals, vegetables. Meat), 
local diet, and human tissue have bee« coNected 
since 1962- The ramplr« haw been analysed far 
•tVattdwssmtt cases aba far •"€•- The rend** 
have been pubhihrd cauendy ia annual Rsso 
Report*.«« 
terminedbythc« 
I analysis with fa« 
1
 and •*€* was measured by 
^-spectroscopy en Nal crystals, mostly on fresh 
The data were fated to equation models (I) 
or (2) by the least squares aaalyss. For air and 
precipitation the natural lagarithm of the 
activity levels was treated by regftJsion analysis, 
which yielded a parameter estimate far the 
legussion equation: y • « + f{t — I), where 
y was the mean of the natural logarithm of the 
activity levels, (the time in years since I January, 
1963, / the mean of the f-values and a and f 
constants. In the tests for significance a varia-
tion was considered probably significant (i) 
far a probability level » = 0.05, significant 
(ii) for » — 0.01 and highly significant (iii) 
for/« 0.001. 
RESULTS AND DISCUSSION 
Air mi pntipiUtim 
Figure 1 shows the annual mean levcb of **Sr 
in air collected at two stations at Riso and in 
precipitation collected at ten state experimental 
forms all over Denmark. The regression analysis 
showed that it was probably significant that the 
air levels followed an exponential decay: 
(pCi "Sr/10» m» air) = 67.5 *-*« (3) 
and that it was highly significant that the **Sr 
level in precipitation decayed exponentially: 
I 
(pCi"5r/l. precipitation) - ^ r * * * 
(mCi*5r/km«) - 25.3 r-*M'. 
W 
(5) 
tf^u'.'.-CM." 
' s 
m j nm « 
Fie I. Yearly mean vahies of "Sr ia air and 
piTCsftCJttasmffI C M R C W f l M l E K a M M V 
,B « { ! ) . ( • ) ard (5) 
The annual mean levels were referred to the 
middle of the year, and to get the mean level 
for 1963, t was given the value 0.5; far 1964 
t = 1.5, etc. 
The effective half-lives in precipitation (0.91 
yr and 0.97 yr) were significantly longer man 
those in air (0.77 yr). As far as the fall-out rate 
(5) was concerned, this was partly due to the 
fact that the amount of precipitation happened 
to be increasing throughout the period, which 
resulted in a lower decay rate of the mCi **5r/ 
lun* figures. Tests were perijrroed to determine 
whether the decay rate in precipitation differed 
at the different stations; that was not the case. 
However, it could not be ruled out that local 
conditions were the cause of the shorter half-
lifc observed in the air samples. 
The "Sr inventory in the stratosphere'*' 
decayed prior to June 1967 with a half-life of 
10 months (0.83 yr). This is in accordance with 
the effective half-lives calculated above. 
Since the end of 1967 the "5r levels in fall-out 
have not decayed exponentially because the 
fall-out from the Chinese thermonuclear tests 
began to contribute significantly to the en-
vironmental levels. It ha* thus not been possible 
to use thefaU-outcUta for exponential expressiora 
for a period of more than 5 yr. 
Sml 
The **Sr level in the soil (the accumulated 
fall-out) depends on the fall-out rate and the 
X 
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decay of the *°Sr already deposited. From the 
solution of a differential equation the following 
expression was found: 
A
'
 =
 k^~K C ° ( ' " V ~ ' - S , ) + A*^v> (6 ) 
where A9 is the accumulated fall-out in the soil 
(mCi »»Sr/km*) on 1 January, 1963, 
A, the accumulated fall-out (yr later, 
C0 the amount of "Sr still present by 1 
January 1963 as potential fall-out 
from the atmosphere, expressed in 
mCi ""Sr/km*, 
^i the decay constant for *°Sr in pre-
cipitation, and 
It the decay constant for *°Sr in the soil. 
At and C0 were calculated from the soil measure-
ments performed at ten Danish locations since 
1961.'*> Å, was obtained from equation (5), 
and At was assumed to be equal to the physical 
decay constant for *°Sr. Equation (6) could 
now be rewritten as 
.4, = 65.0«-*«*'-36.3*-' en • (7) 
If equation (7) is differentiated, and dAJiit = 0, 
the time, /m»m, at which the accumulated fall-out 
reached its maximum, may be calculated. At 
( = 4.05 yr the soil maximum occurred, i.e. in 
January 1967. This is an agreement with the 
estimate of hARDY et «/.,<•> which says late 1966 
for world-wide fall-out. Figure 2 shows the 
curve obtained from equation (7) compared 
with the *°Sr mean levels actually measured in 
soil. The fit to the curve appears to be fairly 
good, and thus there seems no reason to believe, 
for the period being, that *°Sr has to any signifi-
cant degree been removed from Danish soils by 
processes other than the radioactive decay. The 
Danish soil mainly consists of clayish loam with a 
high ion exchange capacity, which undoubtedly 
reduces the elution of ••Sr (and , ,7Cs). 
Table 1 shows the fall-out rate and the 
accumulated fall-out in Denmark and the 
Faroes since 1950. The fall-out rates in Den-
mark for the years 1950-1954 were estimated 
from information on nuclear test explosions 
during those years.'*» For the years 1955-1959 
the fall-out rates were estimated from the U.K. 
data for Milford Haven"*" on tha assumption 
that the ratio between deposited *°Sr activity in 
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FIG. 2. Accumulated "Sr in Danish soil (1 SE 
indicated) compared with the calculated curve 
(7). 
Denmark and at Milford Haven during those 
years was equal to the mean ratio found i a 
1962-19G7, i.e. 0.82. Since 1960 the Danish fall-
out rates are based on values measured during 
the first years only at one location, Riso, but 
since 1962 at the ten locations distributed all 
over the country. The accumulated fall-out 
was determined from soil measurements carried 
out in the years '960-1968.««> Before I960 
the levels were calculated from the fall-out 
rates. 
Until 1962 the Faroese fall-out rates were 
estimated from the Danish figures in the table, 
and so was the accumulated fall-out. Since 
1962 the fall-out rate in the Faroes was deter* 
mined as the mean for the measurements at two 
Faroese locations.'4* The accumulated fall-out 
in 1962-1968 was determined from the fall-
out rates measured and from the Danish soil data. 
The fall-out rate in the Faroes in 1962-1968 
was 2.2 times the Danish fall-ou: rate. This 
ratio has been used for the whole period (1950-
1968) during which the Faroese fall-out levels 
were estimated from the Danish. 
Milk 
In periods with faU-out rates that are high 
compared with the accumulated fall-out, the 
**Sr levels in Danish milk have been related to 
X 
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TnUt 1. **&r Jell-out lath in Dtnmmrk mi tktFonts, 1950-1968 
Denmark The Faroes 
Accumulated Tall-out: Accumulated fall-out: 
Fall-out rate: • (mCi ••Sr/km* Fall-out rate: (mCi " S r / k m 1 
(Yr) (mCi •*Sr/lm*/yi) by the end of the year) (mCi "Sr/kmVyr) by the end of the year) 
1950 —O.02 —0.1 —0.05 —0.2 
1951 —0.1 —0.2 —0.2 —0.5 
1952 —0.2 —0.5 —0.5 —1 
1953 —0.5 ^,1 ^,1 ^ 2 
1954 —1 —2 —2 —4 
1955 —2.0 —4 —4 —9 
1956 ~2.0 —6 —5 —13 
1957 —2.1 —8 —5 —18 
1958 —4.4 —13 —10 —29 
1959 —4.7 —18 —10 —40 
1960 (1.14) (19.3) —2.5 —42 
1961 (1.48) (21.3) —3.3 —47 
1962 7.44 28.7 16.3 62 
1963 16.70 44.8 32.7 92 
1964 10.41 53.6 25.8 115 
1965 3.95 55.3 8.3 120 
1966 2.14 56.9 5.4 122 
1967 1.02 57.5 3.7 123 
1968 1.41 54.4 1.4 121 
The figures until 1960 are estimated values. Figures in brackets rely on incomplete data (cf. the text). 
the *°Sr levels in air during the year when the 
milk was produced and the preceding year. A 
relationship was observed in the yean 1959-
1964).'"' When the ratio between accumulated 
fall-out and fall-out rate increases, the indirect 
contamination of the crops through the roots 
becomes increasingly important, and the soil 
factor has to be introduced in the equation along 
with the rate and lag factors. 
Table 2 shows the equations calculated for 
**Sr and U7Cs in Danish and Faroesc milk for 
the years 1962-1968. As about half the cows' 
fodder is produced in the preceding year in 
Denmark and the Faroes, the fall-out rates 
both of the year when the milk was produced 
and the whole of the previous year were taken 
into account. Although the half-life of u'Cj is a 
little longer than that of "Sr, and ihe '"Cs/^r 
ratio in fall-out has varied a little (1.6 ± 0.1) 
through the years, it was not found worth while 
to exchange the **Sr fall-out levels for wCt fall-
out levels in equations (II)-(I3) and (15). In 
fact the equations show that the M,Cs levels in 
milk were adequately described by the KSr 
fall-out levels. 
It is evident from Table 2 that it was not 
essential whether concentrations in air or 
precipitation or deposited activity were used in 
the rate and lag terms. Concentration instead of 
deposition data could also be used in these terms 
for most of the other components of the human 
food chain. Normally the precipitation data 
gave a better fit than the air data, probably 
because precipitation data were based on ten 
observations, while air data relied on sampling 
at only one station, Risd. As deposition data 
are those most widely used in the literature, 
they will be the only data shown in the re-
maining equations. 
The soil factor in the *°Sr equations for Danish 
milk was 0.13 pCi »Sr/g Ca per mCi »Sr/km« 
The factor was a little higher than the most 
recent estimate of 0.1 for the U.K.<M> The 
Faroese soil factor for **Sr was more than twice 
the Danish, and this was also the case with the 
Farocse rate and lag factors. However, the 
X 
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Tablt 2. Equations fir Ike prediction »J uuttry-mit onual mean levels »/"Sr and l s ,Cs M Dmisk otd Fonese milk 
Equation 
no. Area Equation 
Multiple 
correlation Significance 
coefficient r level of r 
0.9937 
0.9958 
0.9965 
0.9978 
0.9999 
0.9994 
0.9910 
0.9827 
iii 
iii 
iii 
iii 
iii 
iii 
iii 
iii 
(8) Denmark (pCi ••Sr/gCa),,, » 0.5&t,„ + 0.23a,(_„ + u.l-MMi_i> 
(9) Denmark (pCi »Sr/gCa),„ = O.«*,,, + 0.3qfc<_„ + a i S / i 1 , ^ , , 
(10) Denmark (pCi "Sr/8Ca) ( l l - 0.92rf|j( + 0.6W,,..,, + 0.13,CM<_„ 
(11) DenmarV (pCi '*Cs/g K),<, -> 2.l8«,j,*+ OSl-i,,.,, + 0.12i*Wj_„ 
(12) Denmark (pCi w C s / g K ) l o « 2.59*,,, + 0.65(i_„ + 0.077^MJ_„ 
(13) Denmark (pCi'"ti/g K)(<) - 3.65rfl0 + l.59k/M_„ + 0.057.4W(_„ 
(14) The Faroes (pCi »Sr/g I*),, , - 2.43rfm + 2.0M,M , + 0.MMMI_„ 
(15) The Faroes (pCilS5Cs/g K),., « 10.6V,,, + lI.3i/„_„ 4 2.0MM i_ I ( 
The milk sample« were collected as monthly samples in 1962-1968 Trom seven dried-milk factories covering 
the whole country. The Faroese milk was collected weekly as fresh milk from three locations in the Faroes. 
a: is the **Sr level in ground-level air at Riio, in pCi/lffW. 
p: is the **Sr mean level in precipitation collected from ten stations all over the country, in pCi/1. 
d: is the "Sr mean deposition from precipitation (from Table 1). 
(i): stands for the year («): (i — I): the preceding year, etc. 
A: is the accumulated **Sr mean 'evel in soil (from Table 1). 
1 le milk contains 1.2 g Ca and 1.6 g K. 
Tablt 3. A comparison between tbsmei and calculated milk levels, 1959-68 
Danish milk Faroese milk 
(pCi^Sr/gCa) (pCiWCs/gK) (pCi"Sr/gCa) (pCi »"Cs/g K) 
Calculated Calculated Calculated Calculated 
Yr Observed from (10) Observed from (13) Observed from (14) Observed from (15) 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
(~8.6) 
(4.8) 
(4.1) 
10.1 
23.8 
24.7 
17.4 
12.0 
9.0 
8.6 
(«-7) 
(«.2) 
(4.«) 
10.4 
23.5 
25.3 
16.7 
11.3 
9.4 
9.2 
<~20) 
(12) 
(10) 
31.0 
74.0 
68.0 
33.0 
16.4 
10.1 
1 )4 
(24.9) 
(M.7) 
(83) 
» . 7 
743 
67.1 
3 4 4 
17.2 
10.4 
10.0 
— 
— 
<~28) 
68 
131 
154 
115 
73 
SI 
45 
(54) 
(39) 
CM) 
61 
132 
1S9 
109 
67 
57 
49 
— 
— 
— 
382 
627 
829 
651 
417 
344 
280 
(275) 
(223) 
(149) 
308 
C63 
•39 
623 
402 
355 
313 
Brackets indicate that the figures are based on incomplete material. 
discrepancy between Faroese and Danish 
agricultural conditions became even more 
pronounced when wCs in milk was considered. 
The soil factor in Faroese milk for "7Cs was 
approximately 35 times as high as the soil factor 
for Danish milk. The estimates of soil factors in 
the U.K.<»» for **>C* range from 0.03 to 0,14; 
the Danish estimate in equation (13) was 0.06. 
The rate and lag factors in the U7Cs equations 
also showed a considerable difference between 
Faroese and Danish conditions (cf. (13) and 
(15)). Especially the rate factor was con-
siderably higher for the Faroese milk. High soil 
and lag factors, as we see them in the Faroes, 
are found in areas with extensive farming and a 
high organic-matter (and a low mineral) con-
tent of the soil. 
Prior to 1962 neither fall-out—nor milk data 
for Denmark were complete, and the data from 
the period 1959-1961 were thus not included in 
the calculation of the prediction models. Table 
3 shows a comparison between calculated and 
X 
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Tail* 4. Expmtdul (faoimu far the frtdulmt • / **Sr mi >nCs Uvtts in Danish and Ftntit mitt, 1964-1967 
Equation 
Area Equation 
Refer- r: multiple Signili- Calculated 
ence correlation cance from equa-
date coefficient level ofr tions Remarks 
(16) Denmark (pCi ••Sr/g < :a) 1 Julv 0.9937 
= 48»-» "« - B.3t-* ••»» 
(17) Denmark (pCi >*»Cs/g K) 1 July 0.9993 
- 172*-«'" + 3 . 6 * * " * 
(18) The (pCi"Sr/gCa) 1 July 0.9801 
Faroes - 337«*"« + 44* • •** 
(19) The (pCi» ,7(i/RK) I July 0.9764 
Faroes - I650r» ™ + 30lr • ••** 
5, 7, 10 *The decay 
of the 
5, 7, 13 Faroese 
••Sr fallout 
5*. 7*. 14 followed 
the Danish 
5*. 7*. 15 but the 
levels were 
2.2 times, 
as high 
1 » 0 on I January 1963; I is the time in yr. The reference date is the date to which the annual mean is 
rcicrrcd, e.g. to obtain the mean level in 1964 / a given the value 1.5, and for 1965 / — 2.5 etc. The exponents 
in the soil factors for Farocse milk are presumably overestimated, as the removal rate of activity from the 
Faroese soil seems to be greater than for Danish soil [cf. Risd Report No. 181].*" 
observed milk levels for the period 1959-1968. 
i l M t i K er It 60 70 71 72 73 
o i i M i t ; i • • ii 
I 
Fic. 3. Yearly mean values of **Sr and '"C* in 
Danish milk compared with the calculated 
exponential curves (cf. Table 4). 
It is evident that the agreement between 
observed and calculated values is more satis-
factory for the period 1902—1968 than for the 
first 3 years, but even in 1959— 1961 the agree-
ment between observed and calculated values 
was fairly jjood. 
Tabic 4 shows the exponential equations 
calculated for milk, and l'ig. 3 shows these 
double exponential equations compared with 
single exponential equations calculated from a 
regression analysis of the Danish milk data from 
October 1963 to March 1968. During this 
4/yr period both "Sr and 137Cs followed a single 
exponential decay with effective half-lives of 
2.1 and 1.1 yr respectively. If no atmospheric 
testing had taken place, a deviation from the 
single exponential decay would, however, have 
been evident already in 1968 for *°Sr and in 
1969 or 1970 for M7Cs owing to the soil uptake. 
From Table 4 it can be calculated that in the 
case of no atmospheric testing since 1962 the 
•^Cs/g K/*°Sr/g Ca ratio would have decreased 
in Danish milk from 3 to 0.5, while the ratio in 
the Farocse milk would have increased from 5 to 
7; this again demonstrates the completely 
different behaviour of the activity levels in milk 
from the two territories. 
Cereals 
It has been shown'1" earlier that the import-
ant period for the contamination of Danish 
X 
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Tailt 5. Equtlimsjt Mr prtJutim »Jytwiy mmlry-nnJt mtan Unit»/ **Sr mtt i n t > •» DamA until 
Equation 
no. 
Multiple 
Species Equation coefficient r 
Significance 
level ofr 
(20) 
(21) 
(li) 
(23) 
(24) 
(25) 
(26) 
(27) 
Rye 
Barky 
Wheat 
Oats 
Rye 
Barley 
Wheat 
Oats 
(piS-Sr/RCa) => 1924,_, + 0.9MW (_„ 
(pCi"Sr/gCa) - 13-W,,.., + I.05^Wi_„ 
(pCi»Sr/gCa) - 157<,_., + 1 . 3 0 ^ ^ , , 
(pCi "Sr/g Ca) - 67</ ,^ + 0.72^MJ_„ 
(pCi '»li/kg) - I2W,—.> 
( p C i ' " t W « g ) - 9 7 < - . , 
(pi:i**Cs/kg) - « « , _ . , 
(pCi^Cs/kg) - 8 0 . 5 4 , ^ . , 
0.9974 
0.9971 
09891 
0.9880 
0.9975 
0.9903 
0.9854 
0.9943 
iii 
iii 
iii 
iii 
iii 
iii 
iii 
iii 
The grain samples were collected at the ten locations where precipitation and soil were collected during the 
the years 1862-1968. 
d<i-m}: a l n e mean deposition of **Sr at the ten locations in July-August. 
rf1m , , : is the mean deposition of **Sr at the ten locations in May-August, cf. abo the note to Table I. 
The ratio: gCa/kggrain was for rye: 0.41, barley: 0.47, wheat: 0.40, and oats: 0.82 
The ratio: g K/kf grain was for rye: 4.3, barley: 4.6, wheat: 3.8, and oats: 3.8. 
cereals with "Sr is the last months before 
harvest, i.e. July—August. However, the "Sr 
levels in grain also depend on the root uptake of 
*°Sr from the soil, and equation model (1) was 
found best suited as prediction model. Tabic 5 
shows the equations for the four grain species. 
Rye showed the highest rate factor and wheat 
the highest soil factor. This means that if the 
fall-out rates are high compared with the 
cumulative deposit, as was the case in 1962-
1964, rye will show the highest levels, but with 
the increasing importance of soil uptake wheat 
will show higher levels than rye. The relative 
ratios between the soil factors in TaikS (0.70: 
0.81:1.00:0.55) were nearly identical with the 
ratios between the relative levels of stable 
strontium/g of calcium in the four species: 
(0.67:0.81:1.00:0.52); the multiple correlation 
coefficient, r = 0.9990 was highly significant. 
The contamination of Danish grain with 
m C s takes place in May-August,"' and until 
now the soil uptake has been negligible. The 
UTCs levels in grain were consequently related 
to the fall-out rate of "Sr in May-August only. 
Table 5 shows that, also with respect to U7Ct, 
rye collects more fall-out by direct contamination 
than the other species. 
The years 1959-1961, which were not in-
cluded in the material, were tested on the 
prediction models. Allowing for the fact that 
the fall-out data for those years were based on 
observations at one location, the calculated 
values were in reasonable agreement with the 
observed levels (cf. Table 6). The mean ratio 
between calculated and observed values in 
1959-1961 was 1.03 (SE:0.06). 
Exponential equations could be calculated 
for cereals for the period 1903-1967 by analogy 
with the milk equations in Tabic 4. 
Regression analysis of the '"Cs levels in 
Danish white bread (70% extraction) and rye 
bread (100% extraction) showed that in the 
period June 1964-Decernber 1967 the "'Cs 
levels in these products followed a single 
exponential decay with an effective half-life 
of 1.1 yr. In this period the **Sr in rye bread 
showed the same half-life. In white bread, 
however, the **Sr decayed with a half-life of 
I.Syr, an indication of the importance of soil 
uptake of "Sr in the case of wheat. 
Vtgtlablts ad meat 
Vegetables are third in importance as "Sr 
donors in the total diet, and meat is nearly as 
important as milk and cereals as m C s donor. 
Table 7 shows the prediction models for "Sr in 
vegetables and m C s in meat. 
As potatoes show rather high m C s levels when 
fall-out rates are high, prediction models were 
also calculated for this vegetable. As it was not 
possible to see any influence of soil uptake on the 
w C s levels in potatoes in the yean 1963-1968, 
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TmUt 6. Ctmpviim fctwmi *xmd md alaUui p n Intis, 1959-19(8 
Year 
1959 
I960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1959 
I960 
1961 
1962 
1963 
1964 
1965 
1966 
1%7 
1968 
Rye 
pCi "Sr/g C» 
Calculated 
Observed 
142 
105 
90 
382 
1122 
485 
228 
164 
73 
120 
from 
(20) 
(142)« 
<») 
(107) 
37« 
11«C 
533 
212 
131 
78 
135 
Rye 
pCi "Hi /kg 
Calculated 
Observed 
522 
1220 
»10 
295 
120 
56 
96 
from 
1 (2*) 
S
ill
 
1256 
786 
255 
132 
47 
107 
Barley 
pCi^Sr/gCa 
Calculated 
Observed 
80 
70 
87 
296 
766 
415 
167 
123 
78 
94 
From 
(21) 
(MS)' 
( « ) 
271 
783 
391 
170 
114 
71 
118 
Barley 
pCi »"Cs/kg 
Calculated 
Observed 
416 
1038 
496 
180 
73 
27 
60 
from 
(25) 
(242) 
(4«) 
410 
967 
605 
19« 
102 
3S 
82 
Wheat 
pC .»Sr /gC* 
Calculated 
Observed 
100 
108 
78 
376 
936 
386 
215 
179 
94 
126 
from 
(22) 
(UN)* 
(72) 
( » ) 
32* 
922 
462 
283 
138 
•C 
142 
Wheat 
pCi »"ti/kg 
Calculated 
Observed 
363 
934 
422 
166 
90 
27 
S3 
from 
(26) 
(215) 
(57) 
364 
857 
537 
174 
M 
32 
73 
Oat* 
p C i ^ / g C « 
Calculated 
Observed 
46 
51 
44 
175 
400 
177 
102 
80 
52 
60 
from 
(23) 
(SS)» 
m 
141 
490 
285 
96 
66 
59 
78 
Oats 
pCi ,wCs/kg 
Calculated 
Observed 
334 
849 
439 
147 
86 
29 
61 
from 
(27) 
(201) 
(38) 
(53) 
341 
803 
503 
163 
85 
30 
68 
* The **Sr deposition in July-August 1959 (0.68 mCi "Sr/km1) was calculated from the "Sr concentration 
in air1*1 measured at Riso and the amount of precipitation"" at the ten locations on the assumption that the 
specific activity in precipitation in pCi/1. was 90% of the air concentration in pCi/IO^m' as in 1963-1967 
(cf. Fig. I). In July-August I960 (0.31 mCi *Sr/km») and 1961 (0.47 mCi "Sr/km*) the depositions were 
calculated from the specific activities of precipitation collected at Riso and at the ten locations. The depositions 
in May-August were calculated in analogy with the estimates for July-August. 
potatoes were, as regards mCs, related only to 
the fall-out rate. The soil factors (0.48 and 
0.87 on a pCi *°Sr/g Ca basis) for cabbage and 
carrots (the two most important vegetables in 
Denmark) were nearly proportional to the stable 
strontium to calcium ratios (2.5 and 5.1 mg 
Sr/g Ca) by analogy with the observations for 
the grain species. The contribution of direct 
contamination to the "Sr levels in cabbage and 
carrots was of minor importance compared with 
the root uptake. 
As the ,I7Cs levels in meat follow the milk 
levels,"4' the equation models for milk were also 
used for meat (cf. Table 7). The lag factor was 
considerably greater for pork than for beef, in 
agreement with the fact that pigs eat more 
stored fodder than cattle. The soil factor for beef 
was four times as high as that for pigs, which 
means that in rhe long run beef will show higher 
levels than pork when soil uptake is the only 
source of contamination of the crops. 
Table 8 shows that even for the years which 
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Tabic 7. Equations for tlu prediction tftktymly country-vide mean levels •/••Sr «nJm( j a Danish fatal*!, cobbagt, 
carrots, end meat 
Equation 
no. 
(28) 
(29) 
(30) 
(3!) 
(32) 
(33) 
Species 
Potato 
Potato 
Cabbage 
Carrot 
Beef 
I ork 
Equation 
(pCi "Sr/kg)(j, - O.I7rf(0 + 0 . 0 5 9 ^ , . , , 
(pCi'"Cs/kg),„-5.4W,0 
(pCi"Sr/kg),() = 0 . 4 H o + 0.24^M(_„ 
(pCi "Sr/kg),(, - 0.58d(j) -*- 0.27^H(j_„ 
(pCi'»Cs/kg)lo -= 34.W,,, + 2.M,i-i, + 0-64.4^, -n 
(pCi^Cs/kg)^ - 34fW„, + 22.4rf„_„ + O . I S ^ , . , , 
Multiple 
correlation 
coefficient 
r 
0.8369 
0.9767 
0.9617 
0.7920 
0.9913 
0.9866 
Significance 
level ofr 
i 
lit 
in 
• 
ni 
ni 
Potatoes were collected at the ten state experimental farms in 1962-1968 ("'C'-s was determined only in 
1963-1968). 
The equations for cabbage and carrots were based on country-wide samplings in 1961-1968 (1962 was 
missing). Meat was collected in Copenhagen in 1963-1968. As the meat supply of Copenhagen comes from 
all parts of the country, the Copenhagen meat figures are considered representative of the entire country. 
I kg potatoes contains 0.059 g Ca and 4.0 g K. 
1 kg white cabbage contains 0.50 g Ca, and 1 kg carrots contains 0.31 g Ca. 
1 kg beef contains 3.6 g K, and 1 kg pork contains 3.6 g K. 
Cf. aiso remarks to Table I. 
were not included when the prediction models 
were calculated there was a fairly good accord-
ance between observed and calculated values. 
Total did and humans 
As the *°Sr levels in total diet follow to some 
degree the "Sr levels in milk,"1' the equation 
model for milk was also applied to total diet 
(Table 9). The soil factor in the diet equation 
(34) was close to that for milk (10), so that if all 
contamination by MSr in the human food chain 
comes from the soil, the pCi "Sr/g Ca ratio in 
total diet will nearly equal the level in milk. 
This observation is in agreement with the 
estimates made for the U.K."11 
The best fit to the ^Cs levels in total diet was 
obtained from equation (35), where the "soil" 
term was exchanged for the fall-out rate in the 
year (i-2). If the soil factor was introduced 
(36), the lag term became the fall-out rate in 
the year (i-2), while the rate term became the 
mean of the fail-out rate in the year (i) and the 
previous year. 
Figure 4 shows the relative contribution of 
MSr and ,I7Cs from the various diet components 
to the total diet through the years. When the 
fall-out rate is high as compared with the 
accumulated fall-out, grain products play a 
dominating role for **Sr as well as for ,37Cs in 
Danish diet. When the soil uptake increases, 
rhe relative contribution from cereals decreases, 
while the relative importance of milk products 
and vegetables (for **Sr) and of milk products 
and meat (for 137Cs) increases. As until now no 
soil factor for ,17C's in cereals has been provable, 
it is not surprising that equation (36) did not 
necessarily fit the data for the years 1903-1968 
better than (35). 
Equations (34) and (35) show that the lag 
terms were more important than the rate terms; 
this is in agreement with the fact that a con-
siderable part of the diet (e.g. cereals) consumed 
in a given year was produced in the preceding 
year. It is especially the lag factor which causes 
the difference between the equations for *°Sr in 
Danish milk (10) and in diet (34). 
The *°Sr level in bone from new-borns 
primarily depends on the *°Sr level in the diet 
of the mother during the pregnancy. Equation 
(37) gave the best fit to the data. It should be 
noted that the lag factor is the fall-out rate in the 
year (i-2) because the delay is even more 
pronounced for bone than for diet. From 
equations (34) and (37) it is possible to estimate 
the observed ratio (OR) between bone of new-
borns and human diet at equilibrium, i.e. at a 
s 
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Tablt 8. Comparison brlwrrn obsmtJ and talculaUd Uvell in ttgelaUts *nd mot, 1959-1968 
Year 
1959 
I960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
Year 
1959 
I960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
pCi 
Observed 
1.4 
1.8 
(2.0) 
2.5 
4.3 
4.7 
3.7 
4.3 
3.6 
2.9 
Potato 
"Sr/kg 
Calculated 
from 
(28) 
(1.6) 
(1.3) 
(1.4) 
2.5 
4.5 
4.4 
3.8 
3.6 
3.S 
3.6 
Carrot 
pCi 
Observed 
--
(5.4) 
5.0 
(12.3) 
15.6 
19.4 
22.9 
18.0 
14.0 
11.0 
"Sr/kg 
Calculated 
from 
(31) 
(6.2) 
(5-5) 
(6.1) 
10.0 
17.4 
18.1 
16.7 
16.2 
15.9 
16.3 
pCi 
Observed 
— 
— 
— 
— 
100 
42 
22 
11 
7 
8 
, , 7Cs/kg 
Calculated 
from 
(29) 
(26) 
(«) 
(») 
(55) 
91 
57 
22 
12 
« 
8 
Beef 
pCi ' " O / k g 
Observed 
— 
— 
— 
630 
410 
250 
110 
50 
100 
Calculated 
from 
(32) 
(185) 
(64) 
(67) 
(277) 
621 
439 
201 
121 
78 
89 
Cabbage 
PCi "Sr/kg 
Observed 
. 
(4.0) 
4.6 
(7-6) 
13.6 
15.3 
16.6 
13.0 
13.0 
14.0 
Calculated 
from 
(30) 
(5.2) 
(4.8) 
(5.2) 
8.4 
14.0 
15.1 
14.3 
13.9 
13.8 
14.1 
Pork 
pCi »'Cs/kg 
Observed 
— 
— 
— 
770 
690 
470 
130 
80 
80 
Calculated 
from 
(33) 
(264) 
(148) 
(80) 
(295) 
752 
743 
379 
171 
92 
SI 
* Brackets indicate that die figures arc based on incomplete material. 
time when the indirect contamination through 
the root system is the only source of contamin-
ation, ORno,,.,,!« = 0.021/0.124 = 0.17. This 
ratio should, however, be corrected at the new-
borns in the material were all from Jutland, 
where the *°Sr diet levels are approx. 15% 
higher than in the country as a whole.<4> Hence 
the OR become 0.17:1.15 = 0.15, which is a 
little higher than the value observed in the years 
1963-I968,'** perhaps because the foetus also 
gets some of its bone calcium from the maternal 
skeleton, which may not have been in equi-
librium with the diet. 
It was also possible to describe the *°Sr levels 
in adult vertebrae by an equation similar to that 
used for newborns. From equations (38) and 
(34) one can estimate, on the basis of the soil 
factors, the observed ratio between adult bone 
and diet at the steady state: OR =0.032/ 
0.124 = 0.26, which is in agreement with the 
generally accepted value of 0.25.'1*' The 
Danish die* differs from other western diets for 
one thing because one third of the diet calcium 
comes from Crtta praeparata, and for another 
because a considerable part of the **Sr has come 
from direct contamination of cereals (in 1964 
e.g. more than one half). However, in 1961-
1967 the ratio between the average integrated 
diet levels (pCi *°Sr/gCa) in New York and 
Denmark was 1.04, while the corresponding 
ratio for adult vertebrae was 0.98,'1*' i.e. the 
levels from these locations were in close agree-
ment, although the New York diet neither con-
tained Crtta pratparata nor to any appreciable 
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Tmili 9. Efmtimufir AtfmJirlim •flMtjnrlj amtry mit arm Uttts »f**Sr ami ir,C» m » W i r l W i b n i i m 
Dtnamrk 
Equation 
no. 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
Sample 
Diet 
Din 
Diet 
New-born 
bone 
Adult 
vertebrae 
Adult 
total body 
Equation 
<pC»»«Sr/gCa),0 
-O.B2rf,„ + l .4ldjW I + 0 . 1 2 4 ^ , . , , 
(pCi»*CS,d»y),., 
-7.&T,,,+ l l .6^ (_„ + 5.M„_t, 
(pa"»Cs/d.y) )0 
- I«.74»„.»» + S - « V „ + MK.4M«.,. 
(pCi«Sr/gCa) lo 
- oieat.,,..,., + OOJU^,, + o.o2uMi_u (pCi-Sr/gC), , , 
- 0.0245<.t,.„„ -f- 0 . 0 5 9 ^ , , + 0 . 0 3 2 ^ _ „ 
(pCi'»Cs/gK)lé, 
- &><.„.„,.. + 5.8/, , , + 0.4WMé_„ 
Multiple 
correlation 
cocflicient r 
0.9926 
0.9988 
0.9945 
0.9799 
0.9818 
0.9973 
Significance 
level ofr 
iii 
iii 
IU 
m 
i n 
Ul 
Total-diet samples were collected in June and Dec. 1962-1968 from 48 towns distributed all over the 
country. **Sr has been determined during the whole period, 1XTC* since 1963. The yearly diet mean n u 
emulated as: ** D c C " ' > + * * * " * " > + ±L^S» . 
i + (i - I) 
the mean of the current year (i) and the preceding year (cf. also Table I). The daily intake 
of calcium is 1.7g (0.6 g Crtta pnepataU) and the daily intake of potassium 3.8 g. The stable Sr to Ca ratio 
in the diet was 1.8 mg Sr/g Ca. New-bom bones were collected in 1963-1968 only in Jutland from children 
younger than 30 days. Adult bones were collected all over the country in 1962-1968 from individuals more than 
nineteen years old. The whole-body measurements have been performed three limes a year since 1963 on a 
control group of approx. sixteen persons at Riso. 
degree obtained its "Sr from direct con-
tamination of cereals. One might argue that 
the reducing effect on .the **Sr uptake in the 
bone of the artificially added calcium was less 
than that of the "naturally" occurring calcium. 
This would reduce the Danish OR^^^i,, value. 
One might, however, as also suggested by 
KNIZKMKOV and MAMM,,IT> imagine that **Sr 
deposited on the surface of growing grain was 
absorbed less effectively by the body than **Sr 
originating from soil uptake. This would 
increase the Danish OR*,,,,,,!!,, value. If both 
these suggestions were correct, the net effect 
might be that they outbalanced each other. 
However, if the soil factors in equations (34) 
and (38) do represent the soil uptake at the 
steady state, and if the correct ORbomMM = 
0.25, it is evident that Crita prarparnta has the 
same effect on the **Sr uptake in the bones at 
the "natural" calcium in the diet because the 
availability of **Sr absorbed through the roots is 
considered to be the same for all diet com-
ponents."*' 
The infinite time-integrated level of **Sr in 
human vertebrae was calculated, for the years 
until 1960 from equation (38) and Table 1, for 
1961-1968 from the measured values (cf. Table 
10) and after 1968 from integration of (43). The 
integrated level was 2.9 + 14.5 + 73.8 = 91.2 
pCiyr/gCa, neglecting any contribution of 
**Sr from explosions since 1962. The dose rate 
is 0.55 mrad/yr per pCi ••Sr/g Ca to bone mar-
row and 1.1 mrad/yt per pCi **Sr/g Ca to 
endosteal tissue. ,m Hence the dose commit-
ment to Danish bone marrow was: 0.55-91.2 •= 
50 mrad and that to endosteal cells I.I • 91.2 » 
100 mrad. For the northern temperate latitudes 
UNSCEAR"*' has estimated 64 and 128 mrad 
respectively. However, this was (or an accumu-
lated mean deposited by the end of 1967 of 65 
X 
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calculated above. The total amount of **Sr 
injected in the northern hemisphere has been 
approx. 10 MCi i"" consequently lMCi**Sr 
corresponds to a bone marrow dose commitment 
to the Danish population of approx. 5 mrad. 
Since the 1961-1962 test series, China has in-
jected approx. 0.6 MCi "Sr (by 1 October, 
1969) in the northern hemisphere. Hence the 
total dose commitn -nt to the bone marrow 
becomes 53 mrad fo the Danish population 
(and 106 mrad to endosteal cells). 
UNSCEAR"*) has proposed a formula for 
the prediction of mCs/g K. in the human body, 
based on the current yearly fallout and the 
deposition over the preceding 2 yr. If this 
formula was used for Denmark, the calculated 
levels were too high in 1963-1965, while they 
were too low in 1967-1968. 
Equation (39) gave the best fit between 
observed and calculated data for U7Cs in the 
total body. As for "Sr in bone it was most 
expedient to consider the fall-out rates over a 
period of three years. 
Table 10 shows that the urCs levels calculated 
according to (39) were in excellent agreement 
with the observed levels. In 1959-1962 there 
was a fairly good agreement between the 
calculated UNSCEAR levels and the levels 
calculated on the basis of (39). 
If the contribution from soil uptake to the 
,I7Cs levels in total diet and in the human body 
were calculated for 1968 according to (35) and 
Table 10. Ctmparison bttwttm »isttvti and caltuUued levtis in ItUU iut mi kamms, 1959-1968 
Year 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
Total diet 
pCi **Sr/g Ca 
Ob-
served 
(9.9) 
(7.9) 
5.9 
10.7 
27.5 
38.5 
22.5 
16.5 
10.5 
9.2 
Calculated 
from 
(34) 
(U.7) 
(94) 
(*2) 
104 
27.7 
374 
24.5 
14.2 
10.9 
•4 
pCi,,7Cs/day 
Ob-
served 
— 
— 
— 
— 
223 
318 
236 
128 
62 
35 
Calculated 
from 
(35) 
(») 
m (51) 
(M) 
224 
315 
244 
129 
55 
35 
New-born bone 
pCi"Sr /gCa 
Ob-
served 
— 
(0.7) 
— 
— 
2.8 
3.3 
2.9 
1.9 
1.8 
1.3 
Calculated 
from 
(36) 
(1.1) 
(14) 
(041 
(1.2) 
2.7 
3.4 
2 4 
2 4 
14 
14 
Adult vertebrae 
pf3»»5r/gCa 
Calculated 
Ob- from 
served- (37) 
- (0-7) 
(0.6) (0.9) 
0.8 (0.9) 
0.8 0.9 
1.2 1.3 
2.4 2.2 
2.7 2.9 
2.6 2.5 
2.1 2.1 
1.9 2.0 
Total body 
p G W Q / g K 
Ob-
served 
— 
— 
— 
— 
100 
162 
170 
106 
65 
46 
Calculat 
from 
(38) 
(*) 
(54) 
m (47) 
1M 
157 
172 
I N 
«1 
4S 
Figures in brackets arr based on incomplete material. 
" S . 
Fic. 4. The relative contributions from the most 
important *°Sr and xr'C$ donors to the activity 
levels in total Danish diet. 
mCi ••Sr/km*; as, according to (7), the 
corresponding Danish acri'mulated fall-out was 
only 56 mCi »»Sr/km*, the corrected UNSCEAR 
estimates became 55 and 110 mrads respectively, 
i.e. in reasonable agreement with the doses 
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TaUt II. Ftfmmlul tfmtimifm lim pnHttim éf—Sr mU | WQ ItvtU m lotot dirt W hmtmi «• Cnwiirt 
Sample Equation 
Signih-
Muitiplc cance Calculated Valid for 
Rcf. correlation Icvrl from the 
date coefficient t ofr equations period 
(40 Total diet (pCi »»Sr/g Ca) July I 0.9973 — (5), (7), 1964-1967 
- 86.8r-*»" + 8. !#-*•«• (34) 
(41) Total diet (pCi wCs/d»y) July 1 0.9984 — (5). (35) 1965-1967 
- »TOc-*1" 
(42) Newborn (pCi ••Sr/g Ca) July I 0.9927 — (5), (7), 1965-1967 
bone 8JT*71« + 1.37«-«**» (37) 
(43) Aduk (pCi "Sr/g Ca) July 1 0.8724 — (5), *7). 1965-1967 
vertebrae S^S*-*"' + 2.1 Ic"*"*« (38) 1965-1967 
(44) Adult (pU w ( i / tK) July I 0.9987 — (5), (7), 1965-1967 
»hole body - «30r«,T" + 3I.5*-*«* (39) 
IT. notes to Table 4. 
(39) it resulted in the soil contribution being 6% 
for the diet but 50% for the body. The per-
centage for milk was 33, for beef 45 and for pork 
10. It is thus evident that'he soil factor for total 
diet was too low while that for the human body 
was too high. The cause of this discrepancy 
might be that the influence of the soil uptake on 
the m C s levels in the human food chain was so 
small that reliable determinations of the soil 
factors for ls,Cs have until now been impossible. 
There mipht, however, be other explanations. 
Approximately 8% of the nTCs body burden 
have been estimated to be present in bone.*1*' 
Ifthe biological half-time of m C s is long in bone 
[IH.9yr]'*" one would expect to see the body 
burden decrease more slowly with time. A 
slower decrease would result in the estimation of 
a greater soil factor in equation (39). 
A regression analysis of the m C s levels in 
diet for the period December 1963-December 
I9G7 showed that the levels followed a single 
exponential decay curve with a half-life of 
1.25 yr. The total-body levels decayed from 1965 
with a half-life of 1.5 yr. These half-lives are in 
agreement with observations by GL*STAFSON.',I> 
The Danish ratio between human body and 
diet levels (pCi m Cs/gK figures) was 3:1 
(cf. Table 10) i.e. also in accordance with US 
observations. •*•* 
By analogy with **Sr the infinite-time-
integrated level of ,JTCs in the total body was 
calculated from (39), Table 10, and (44) at 
307 + 649 + 1122 = 2078 pCi mCs yr/g K. 
According to UNSCEAR"" the dose rate from 
I pCi ""Cs/g K in the total body of a man 
weighing 70 kg is 18 prad/yr. Hence the dose 
commitment to the total adult body was 37 
mrad, this figure is considered an upper estimate 
as the soil factor in (44) is probably over-
estimated. As a lower estimate one might use 
(41) instead of (44) in the calculation of the 
dose after 1968, on the assumption that the 
mCs/K ratios between human body and diet 
were 3:1. In that case the dose commitment is 
18 mrad. UNSCEAR"*' has estimated 21 
mrad in the northern hemisphere; if this 
figure was corrected according to Danish 
deposition conditions (cf. above), the estimate 
would be 18 mrad, i.e. equal to the lower 
Danish estimate above. 
n , Cs has been decreasing in all diet com-
ponents since 1963 except in fish, where the 
levels have shown a slight increase through the 
years. That means that the contribution of 
•"Ci from fish has been increasing since 1963-
1964. In 1968, 7% of the total ™C% intake 
came from fish. The long term implication of 
this in the equations for U7Ct in diet will be a 
more pronounced soil factor than displayed in 
equation (36). If no fresh fall-out had occurred 
since 1962 it may be estimated that the con-
tribution from fish to total-diet ""Ci in 1972 
would have equalled the contribution from all 
other diet components. 
X 
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CONCLUSION 
For the most important components in the 
human food chain and for the total diet it has 
been possible to describe the *°Sr and 137Cs levels 
on the basis of fall-out rate and accumulated 
deposit as independent variables. The fall-out 
rate could be represented either by deposition 
data (mC! **Sr/km,/yr) or by precipitation or 
ground-level air concentrations (pCi*°Sr/l or 
pCi^Sr / lCm*) . The accumulated deposit 
was measured as the soil activity down to a 
depth of 20 cm (mCi •°Sr/km*). In most cases it 
was found expedient to split up the fall-out rate 
into two terms: the rate for the current year 
and the rate for the preceding year. The 
accumulated deposit was always referred to the 
end of the preceding year. After the 1961-1962 
test scries the **Sr levels in air and precipitation 
followed until 1968 an exponential decay with a 
half-life of approximately 10 months. This 
resulted in an almost exponential decay for 
most diet components during the years 1964-
1967 with half-lives from 10 to 25 months 
depending on the importance of direct and 
indirect contamination. "Sr in milk e.g. 
decayed with a half-life of a little over 2 yr, while 
W7Cs in rye showed a half-life of somewhat less 
than 1 yr. If no atmospheric testing had been 
performed, a deviation from a single exponential 
decay of diet levels would have appeared in 
1968-1969 for ••Sr and at the beginning of the 
seventies for 1J'Cs. 
The influence of soil uptake has been so 
marked for *°Sr in the last few years that 
reliable determinations of the soil factors in the 
equations have been possible. By means of 
these soil factors the OR value for adult bone/ 
total diet was estimated at 0.26, and for foetal 
bone/mothers' diet at 0.15, i.e. both ratios are in 
reasonable agreement with estimates made by 
other methods. 
The Cnla pratparata and the considerable 
amounts of *°Sr from direct contamination of 
cereals in the Danish diet had no observable 
effects on the Danish ORdl, l /bOM values. 
The soil factors in grain species and vegetables 
were proportional to the stable strontium to 
calcium ratios in the respective species. 
Although the soil factors for *°Sr seem reliable, 
little is known of the long-term effect on the 
availability to crops of **Sr bound to the soil 
R. "Sr AND ,17Cs LE\T.LS 
minerals. Furthermore no reliable estimate of 
the removal rate of "Sr by weathering processes 
exists. At least no such effect ha<s until now been 
dcietted under Danish agricultural conditions. 
It is therefore considered justifiable to continue 
the survevs of "Sr in the human food chain. 
As regards , , 7Cs, the significance of the soil 
factors is more doubtful because the influence of 
soil uptake of W7Cs has until now been modest. 
It is thus indicated that the W7Cs investigations 
should also be continued in the years to come to 
obtain a more reliable determination of the soil 
factors for ,37Cs and thus of the long-term fate of 
, , 7Cs in the human food chain. 
The *°Sr as well as the ,37Cs human levels have 
followed equations similar to those calculated 
for the diet. The equation for whole-body U 7Cs 
showed a surprisingly high soil factor, which is 
supposed to be due to an accumulation of 137Cs in 
bone. 
While Denmark is an area with intensive 
farming, high mineral (clay) content of the 
soil and medium precipitation (650mm/yr), 
the Faroes are characterized by extensive 
farming, low mineral and high organic-matter 
content of the soil and a high precipitation level 
(1500 mm/yr). A comparison of the prediction 
models for milk from the two areas shows 
marked differences: 1'he soil factors in the 
Faroes were considerably greater, especially as 
regards M7Cs and the lag as well as the rate 
factors also exceeded the Danish values. 
From integration of the exponential equations 
in Table 11 and from UNSCEAR's information 
on dose-rate factors'1" the integrated average 
dose to members of the Danish population over 
an infinite time was calculated. The dose 
commitment from *°Sr to bone marrow was 
S3 mrad and to endosteal cells 106 mrad. The 
whole-body dose commitment from u , C s was 
as an upper estimate calculated to be 37 mrad 
from whole-body measurements and as a lower 
estimate 18 mrad from total diet measurements. 
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STRONTIUM-90 IN SHED DECIDUOUS TEETH COLLECTED 
IN DENMARK, THE FAROES AND GREENLAND FROM 
CHILDREN BORN IN 1950-1958 
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Abstract—Shed deciduous teeth were collected in 1952-1965 from 25 schools in Denmark, 
the Faroes and Greenland. Approx. 10,000 teeth from children bom in the period 1950-1958 
are included in the present investigation, which compiles 215 *°Sr analyses. The **Sr level in 
deciduous teeth crowns increased by a factor of four from 1953 to 1958. Faroese teeth contained 
nearly 4 times as much MSr as teeth from Denmark and Greenland. Incisors contained approx. 
three fourths of the level found in second molars. The *°Sr diet levels measured in 1962-1966 in 
Denmark, the Faroes and Greenland showed a similar variation between locations as the *°Sr in 
deciduous teeth froui children bom in 1950-1958 in the same areas. The *°Sr mean level 
in shed deciduous teeth is considered as an estimate of the *°Sr content in the tooth donors bone 
when he was 1 year old. 
MATERIALS AND METHODS 
The material consists of approx. 10,000 shed 
deciduous teeth obtained in the years 1962-1965 
through smaller local schools in rural districts 
(cf. Fig. 1). The idea was that contact, which 
was supposed to last several years, was easy to 
maintain with a small school. 
The schools collected the testh from pupils 
born in the district where the school was located. 
To stimulate the interest for the tooth sampling 
among the children each tooth was paid with 50 
Danish øre (approx. 7 U.S. cts). The teachers 
pooled the teeth in polyethylene bottles marked 
with the birth years of the tooth donors. Twice a 
year the samples were sent to Riso, and grouped 
according to area (Jutland, The Islands, 
Bornholm, The Faroes and Greenland) birth 
year (1950, 1951-1958), and tooth type 
(incisors, cuspids, first molars and secondmolars). 
After the sorting, the teeth were ashed at 700°C, 
then roots and fillings were removed. Incisors 
and cuspids were normally sound whereas the 
molars mostly were carrious. Before the 
radiochemical analysis the ashed teeth were 
crushed in a mortar and the ash was blended 
and weighed. 
105 
INTRODUCTION 
As SHOWN by several authors11"3' the tooth crown 
provides information on the dietary *°Sr at the 
time of tooth formation. The mineralisation 
of deciduous tooth crowns takes place in the last 
months of the pregnancy and within the first 
year after birth'4' and the "Sr levels in shed 
deciduous teeth should thus be related to the MSr 
diet levels of the mother during the pregnancy 
and the infant during the first year of life. 
The purpose of the present study is to com-
pare the *°Sr levels in deciduous teeth collected 
in five different areas: three representing 
Denmark and the remaining two, the Faroes 
and Greenland. 
From the measurements, the intention is also 
to obtain an estimate of the *°Sr levels in infants' 
bone especially from the Faroes and Greenland. 
The population numbers in these areas are 
rather low (approx. 36,000 in each country), it 
has therefore been impossible to obtain a 
sufficient number of bone samples for a reliable 
evaluation of the ""Sr levels in human bone. 
The measurements of MSr in foodstuffs"'*' and 
human teeth are, thus far, the only way of 
estimating the human bone levels in the Faroes 
and Greenland 
XI 
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Fio. 1. Sampling locations for teeth. 
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215 *°Sr-analyses are included in this in-
vestigation. The average ash weight for a "Sr 
determination was approx. 9 g. Analyses of 
samples from children born before 1954 
normally contained more ash than this average, 
while samples after 1957 in some cases contained 
only 2-3 g ash. The tooth analyses from 
Farocsc children contained as a whole less ash 
than those from Greenland and Denmark, 
because the Faroese *°Sr levels were expectedly 
higher. 
*°Sr was determined according to the classical 
radiochemical strontium analyses171 using fuming 
nitric acid separations and a final milking and 
counting of the •"Y-daughter. Calcium was 
determined in a number of pooled samples by 
precipitation and weighing of the oxalate.'71 
The mean content was 0.385 g Ca per gram ot 
tooth ash (S.D. 0.010 p Ca). 
Of the analyses 25 % were blanks consisting of 
5 g Ca3{P04)j. Most of the samples were 
measured in automatic sample changers taking 
4 samples each, one of the samples being a 
blank used as background for the other samples. 
The counters in the sample changers were anti-
coincidence Geiger Flow-Counters'*' with a 
25 mm » mylar foil window (0.9 mg/cm*). The 
background was approx. 0.3 counu/min and die 
mean counting efficiency for **Y was 0.36 
counts/min per dis/min. 
68 samples which yielded bad decay curves 
for *°Y, were also counted as (»°Sr -f- "Y), and 
only the cases (54 samples) where this counting 
fitted the *°Y counting were included in the 
material. 
As the samples were counted 10-15 years after 
the *°Sr was incorporated in the tooth tissue, all 
samples were correctea for decay of "Sr (/j= 
28 yr) back to the birth year of the child. 
Samples which showed no detectable *°Sr 
content (indicated by an asterisk in Table 1) 
were reported as one standard deviation of the 
determination. 
The logarithm of the figures are approxi-
mately normally distributed and the results h?ve 
consequently been transformed to their natural 
logarithms before the statistical treatment. 
The analysis of variance, used in this treatment, 
has been programmed for a computer.'*' The 
programme is able lo calculate missing values 
in the material, and furthermore gives complete 
tables, when all interactions equal zero, i.e. a 
material where only the main effects are reflected 
(cf. Fig. 2). 
RESULTS AND DISCUSSION 
Tabic 1 shows the decay corrected pCi *°Sr/g 
Ca levels in the samples, and Table 2 the analysis 
of variance of the natural logarithm of die 
figures. 
Variation with birth year 
In accordance with observations of other 
authors'2-10-12' the **Sr concentration in the 
teeth, as shown in Fig. 2 has been continuously 
increasing throughout the years. It was 
however, not possible to prove a significant 
difference between teeth from 1956, 1957 and 
1958 (the difference between 1956 and 1958 was 
significant only at the 95% level). 
The first thermonuclear test was performed 
on 31 October 1952. Until this date the total 
fission yield of air explosions carried out during 
1945-1951 had been approx. 0.2 MT, of which 
more than 0.1 MT were detonated in 1951.'1*' 
It the 0.02 MCi •0Sr,,4» created in the period 
1945-1951 had been evenly distributed ex-
clusively over the temperate zone in the northern 
hemisphere, and if half of the ""Sr, i.e. 0.01 
MCi, was deposited in 1951, then the accumu-
lated fallout in the northern temperate zone 
by the end of 1951 would have been approx. 0.2 
mCi **Sr/km2. The fallout rate would have 
been approx. 0.1 mCi •*Sr/km,/yr in 1951 and 
0.02 on the average for the period 1946-1950. 
If these fallout levels were valid for Denmark 
and if the specific ••Sr activity found in pre-
cipitation at Milford Haven in the U.K.'1H in 
the period 1955-1958 equals the Danish rain-
water concentrations in this period then the fall-
out levels in 1955-1958 could be calculated 
from the U.K. data'16' and from Danish data'1*' 
on amounts of precipitation. The 1952-1954 
fall cut rates in Denmark were estimated from 
the information on announced nuclear det-
onations'1" and from the U.K. information on 
the arpount of accumulated fallout up to the 
endofl954.»»> 
Table 3 shows the estimated fallout levels 
based on the above mentioned assumption. 
The milk levels in the table were calculated 
from: 
Cm = O.77F, + 0.10F„ (1) 
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where Cm is pCi "Sr/g Ca in milk produced in 
the year (i) 
F, is the fallout rate: mCi **Sr/km* per 2 
years in the years (i — 1) and (i) 
Fd is the accumulated fallout by the end of 
year (i - 1) and 0.77 and 0.10 are 
empirical proportionality factors found 
valid in Denmark for the period 1960-
1966.«"> 
The *°Sr in shed deciduous teeth is incor-
porated in the tooth tissue in the last months of 
the pregnancy and within the first 12 months of 
Table I. pCi *°Sr in shed dttuhrms teeth from Denmark, The Faroes and Greenland 
Birth year of the cohort 
Jutland 
The Islands 
Bornholm 
The Faroes 
Greenland 
Incisors 
Cuspids 
Molar 1 
Molar 2 
Incisors 
Cuspids 
Molar 1 
Molar 2 
Incisors 
Cuspids 
Molar 1 
Molar 2 
Incisors 
Cuspids 
Molar 1 
. 
Molar 2 
Incisors 
Cuspids 
Molar 1 
Molar 2 
1950 
0.034« 
0.094 
0.024* 
0.14 
0.09 
0.22 
0.22 
0.28 
0.77 
1951 
0.071« 
0.15 
0.46 
0.24 
0.14 
0.19 
0.38 
0.25 
0.12 
0.13 
0.11 
0.62 
0.54 
0.39 
0.55 
1952 
0.048* 
0.31 
0.67 
0.19 
0.42 
0.64 
0.40 
0.33 
0.35 
0.22 
0.30 
0.28 
0.63 
0.83 
0.98 
2.64 
4.16 
1.19 
1.92 
0.34 
0.30 
0.29 
1953 
0.39 
0.97 
0.32 
0.81 
0.70 
0.38 
0.62 
0.55 
0.72 
0.61 
0.60 
0.60 
0.45 
0.28 
0.54 
0.25 
0.26 
0.80 
0.34 
0.34 
0.40 
0.55 
0.41 
1.67 
1.16 
2.61 
0.76 
2.82 
1.30 
2.06 
0.26 
0.26 
0.32 
1954 
0.94 
0.82 
0.70 
0.62 
1.22 
0.92 
0.70 
0.79 
1.01 
0.60 
0.79 
1.05 
0.55 
0.36 
0.85 
0.58 
0.52 
0.80 
0.87 
0.49 
0.52 
0.49 
1.02 
0.67 
1.10 
0.69 
2.42 
1.60 
3.77 
1.68 
3.02 
2.24 
2.62 
1.06 
0.70 
0.50 
0.52 
1955 
1.18 
0.86 
0.89 
0.70 
1.24 
0.88 
1.05 
O o i 
1.19 
1.18 
0.78 
0.90 
1.06 
0.74 
0.88 
1.25 
1.36 
0.73 
0.92 
1.21 
1.04 
1.04 
3.07 
2.73 
4.88 
0.58 
3.86 
3.89 
4.70 
0.77 
1.14 
1.14 
0.84 
1956 
0.78 
1.61 
1.26 
1.30 
0.75 
1.10 
1.57 
1.50 
0.95 
1.58 
1.13 
1.04 
1.21 
1.10 
2.82 
1.26 
0.96 
i.39 
4.01 
3.34 
5.02 
2.84 
6.05 
4.15 
7.11 
1.06 
1.05 
1.36 
1.24 
1957 
0.87 
1.34 
1.42 
1.40 
I.5I 
1.88 
2.01 
2.30 
1.26 
1.84 
0.57 
2.69 
1.03 
1.33 
4.97 
5.86 
5.75 
4.90 
6.24 
5.43 
5.91 
1.11 
1.73 
1.05 
1.28 
1958 
1.39 
2.06 
1.08 
3.66 
1.46 
1.77 
0.91 
1.60 
1.55 
1.62 
1.43 
1.63 
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FIG. 2. Relative pCi *°Sr/g Ca levels in shed deciduous teeth, from Denmark, The Faroes and 
Greenland from children born in 1950-1958. Columns with different small letters are signi-
ficantly different (P > 99%). 
Table 2. Analysis of variant* of the In pCi "Sr/g Ca in shed deciduous teeth (cf. Table 1) 
from ckildrtn bom in 1950-1958 m Denmark, The Ferns, and Greenland 
Effect 
Main 
2 factor 
interaction 
3 factor 
interaction 
Remainder 
Source 
Tooth type 
Area 
Birth year 
Type-Area 
Area-Year 
Year-Type 
Type-
Area-
Year 
SSD 
2.6440 
63.5524 
124.0016 
1.3490 
4.8750 
6.4666 
6.9609 
11.1848 
/ 
3 
4 
8 
12 
29 
24 
56 
78 
J * 
0.8813 
15.8881 
15.5002 
0.1124 
0.I68I 
0.2694 
0.1243 
0.1434 
»» 
5.70 
102.84 
100.32 
0.83 
1.24 
1.99 
0.87 
P 
>99.9% 
>99.95% 
>99.95% 
— 
— 
>99% 
The 3 factor interaction was tested against remainder ( / = 78), the 2 factor interaction against remainder 
and 3 factor interaction [J = 134), and the main effects against remainder and all interactions/ = 199). 
Table 3. Estimated "Sr levels in fallout and milk in Denmark 1950-1958 
Year 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
Estimated annual 
fallout rate 
(mCi "Sr/km'/yr) 
0.02 
0.1 
0.1 
0.4 
0.8 
1.7 
1.8 
2.0 
3.4 
Estimated 
accumulated 
fallout Fd 
(mCi "Sr/km') 
0.08 
0.1 
0.2 
0.3 
0.7 
1.5 
3.1 
4.8 
6.6 
Calculated 
milk levels 
from fallout 
data (equation (1)) 
Cm 
(pCi»Sr/gCa) 
0.04 
0.1 
0.2 
0.4 
1.0 
2.1 
3.0 
3.4 
4.8 
XI 
s* 
110 «»Sr IN DECIDUOUS TEETH COLLECTED FROM CHILDREN BORN IN 1950-1958 
life. REBS'1' has estimated the portion of shed 
tooth formed at birth. She found for incisors: 
32%, for cuspids: 6%, for first molars: 17%, 
and for second molars: 5%. Approx. 15% of 
the average shed tooth is thus formed prenatally 
ai»d85%postnataliy. The observed ratio (OR) 
between fetal bone and mother's diet is 0.09<IT) 
and the bone-diet OR for infants (0-1 yr) is 
estimated by HASL'U» at 0.35. If it is assumed 
that the infant's diet during the first year of life 
corresponds to 75% milk and 25% total (adult) 
diet, the following equation could be set up: 
C, = 0.15 0.09 C\ + 0.85-0.35 (0.75 
(7^ + 0 . 2 5 ^ ) (2) 
where C, is pCi**Sr/g Ca in shed deciduous 
teedi from children bom in the year (i) 
Cj> and Cp, are mean pCi "Sr/g Ca in total 
diet in the years (i) and (t — 1) and in the 
years (i) and (i + 1) respectively 
CM is mean pCi **Sr/g Ca ir ow milk in the 
years (i) and (t -f- I) 
Cj> = 2 C V in 1950-57 and CD = 1.5 CM 
since 195811" (due to the addition of 
creta praeparata (CaCO,) to the Danish 
flour since April 1958). 
Table 4 shows the **Sr levels in shed deciduous 
teeth from Denmark along with the calculated 
levels from equation (2). 
The equation underestimates the tooth levels 
in the first years of the period. REBS,'" and 
later ROSIMTHAL,'10' have assumed that the 
average concentration of **Sr in the teeth of 
children born in 1951 and 1952, when fallout 
was low, might represent "Sr appearing in 
teeth as a result of direct exchange with dietary 
**Sr, during the 5-7 years the teeth remained in 
the body before being shed. The average 
concentration in the tcelh from 1951 and 1952 
was 0.18 pCi "Sr/g Ca in the St. Louis material; 
Reiss subtracted this figure from her results as a 
correction for external accretion of *°Sr after 
the formation of the teeth. It could, however, 
he questioned whether such a constant correction 
is proper, as the mean diet levels in the seven 
year periods: 1950-1956and 1958-1964 differed 
by more than a factor often. PETERSEN cl a/.'1*' 
found little or no evidence for an accretion of 
***Ra in deciduous teeth after formation. 
Recently LINDEMANN'*' has reported deciduous 
tooth crowns extracted in 1964 showing higher 
**Sr levels than teeth extracted in 1963, although 
the teeth were from children born in the same 
year. He suggested that ••Sr is possibly not so 
easily resorbed as calcium, or that resorbed 
**Sr is re-captured by unresorbed hard tooth 
tissues. In addition the possibility that un-
resorbed hard tooth tissues in the teeth under-
going resorption, are susceptible to continued 
supply of **Sr, may explain the increased 
amount of **Sr per gram calcium in this period. 
If a constant correction of 0.2 pCi "Sr/g Ca 
for a possible external **Sr accretion is sub-
tracted from all the mean tooth levels in Table 4, 
the agreement between measured and calculated 
tooth levels would be improved in the first part, 
Tablt 4. Mtaand and calculated pCi "Sr/g Ca Uveli n skid dicubmu tilth colUitid in Dtnmark 
Birth year (0 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
The mean level C, 
in shed deciduous 
teeth and the 
standard or 
the mean (from 
Table I) 
0.06 ± 0.03 
0.20 ± 0.04 
0.36 ± 0.05 
0.52 ± 0.04 
0.76 ± 0.04 
1.00 ±0.04 
1.30 ±0.11 
1.53 ±0.15 
1.71 ± 0.24 
Number of samples 
in the mean 
5 
11 
13 
23 
26 
22 
18 
14 
10 
c, calculated 
from equation 
(2) (cf. Table 3 
and Ref. 17) 
0.03 
0.06 
0.1 
0.3 
0.6 
1.0 
1.3 
1.5 
2.0 
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but depreciated at the end of the period. The 
discrepancy in 1957-1958 might be due to the 
fact that the sample-proportion of second 
molars and cuspids, (which show the highest 
levels (cf. Fig. 2)) was lower in these years than 
in the preceding period. 
In conclusion: The present material does not 
exclude the possibility of an external accretion 
of *°Sr after tooth formation, but it does not 
seem to be an important factor for the "Sr levels 
in teeth formed since 1954. 
The interaction between birth year and 
tooth type was significant (cf. Table 2) . This 
is explained by the differences in postnatal 
calcification times for the different tooth types, 
(the differences in prenatal calcification are less 
important, due to the higher discrimination 
against "Sr in utero). As cuspids and molars 
depend upon the dietary *°Sr levels after birth 
for a longer period than incisors,"•*» changes in 
these levels might alter the *°Sr concentrations 
in the former without a corresponding change 
in the latter. Figure 3 shows this effect: while 
incisors display increasing activity throughout 
the period, cuspids and molars show a flattening 
out by the end of ,!tc period. 
Variation with tooth type 
As shown in Fig. 2 the "Sr concentration was 
significantly higher in second molars than in 
incisors and first molars, and cuspids probably 
contained (P > 95 %) more activity than 
incisors. This picture fits the aforementioned 
model proposed by REISS'" for the calcification 
of shed deciduous teeth. As the prenatal dis-
crimination against *°Sr is greater than the 
postnatal, it was to be expected, in a period with 
increasing "Sr diet levels, that the *°Sr con-
centrations in the four types of teeth were 
related a*: Second molar > cuspids > first 
molar > incisors, which agrees with Fig. 2. 
ROSENTHAL et tl.im found only minor differences 
in the "Sr content of various teeth, although the 
authors do comment, that it might have been 
expected, due to the longer development time 
of cuspids and deciduous second molars which 
would result in the deposition of substantially 
more "Sr than in incisors and deciduous first 
molars. 
Variation with birth location 
Deciduous teeth from the Faroes contained 
nearly four times as much "Sr as teeth from 
Denmark and Greenland. In Fig. 4 the 
relative pCi *°Sr/g Ca levels in total diet and in 
milk from Denmark, the Faroes and Greenland 
is shown for the period 1962-1966.(s«- , ,> The 
total diet in the Faroes and Greenland is only 
partly locally produced; all milk in Greenland 
and 25% of the Faroese milk is imported from 
Denmark. If the model for diet composition 
applied in equation (2) is used for a comparison 
of the diet levels determining the shed deciduous 
tooth levels in the five areas considered, and if 
Fig. 4 is used, the relative levels in such a diet is 
in Jutland: 29, in the Islands: 19, in Bornholm: 
20, in the Faroes: 100, and in Greenland: 21. 
These values agree reasonably well with the 
relative tooth levels shown in Fig. 2. 
Breast feeding for longer periods after birth 
is not very common in Denmark, but is some-
what more widespread in Greenland. This1141 
along with lower total diet levels might explain 
the lower mean level in Greenland teeth than in 
Danish, although the difference is not statistically 
significant. As indicated in Fig. 2 the difference 
between the tooth levels in the three areas in 
Denmark wa3 also not significant. It is how-
ever, interesting from Fig 4 to note a similar 
trend in diet levels as in tooth levels: Jutland > 
Bornholm > The islands. From measurements 
of adult human bone from 1960-1966,'17' it can 
be shown, that the bone level in Jutland was 
approx. 20% higher than in the Islands. The 
difference is mainly due to the higher amounts of 
precipitation and hence of fallout in Jutland 
(approx. 20% higher than in the Island.11" It 
should, however, also be noticed, that while the 
soils in Jutland preferentially are sandy, the 
Islands have soils rich in clay. This results in 
higher *°Sr uptake in the crops in Jutland as 
compared with the Islands. Differences in 
tooth levels between areas with different 
amounts of precipitation have previously been 
observed in the ILK.'" 
The great difference between Faroese and 
Danish tooth levels is only partly due to the 
fact, that the *°Sr fallout is 2-3 times greater in 
the Faroes than in Denmark."-1" The ex-
tensive farming methods applied in the Faroes 
XI 
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and the low calcium content of the Faroese soil 
result in higher root-uptake in the crops and 
hence in higher "Sr concentrations in locally 
produced diet, e.g. in milk'** than in Denmark, 
where the farming is intensive. 
Infant bone Irvtls estimated from tooth measurements 
The newborn child contains about 30 g 
calcium and the 1-year-old infant 100g.m> 
Some remodeling, however, occurs and much of 
the original bone is thus reabsorbed.1111 Hence 
less than 30% of the bone in * one year old 
child is formed prcnatally (and more than 70% 
postna tally). 
A few measurements on infant bone from 
Western Eurpoe and U.S.A. collected in the 
period 1955-1958 have been performed by 
KULP et «/.,<*» and by BAILEY et «/.«> As the 
Danish infant bone levels in 1963-65 have been 
rather similar to those in U.S.A. and Western 
Europe,1"1 a comparison is made (cf. Table 5), 
where the mean levels in 1-year-old infant bone 
calculated from Reft. 22 and 23 are compared 
with the mean tooth levels in Denmark ana 
Greenland. 
If a correction for a possible external "Sr 
accretion is applied to the tooth figures in 
Table 5 by subtraction of 0.2 pCi •°Sr/g Ca, the 
agreement with the measured bone levels 
becomes fairly good in 1955-1957. The Jis-
crcpancy in 1958 might be due to the afore-
mentioned incomplete tooth material from this 
year. The higher tooth than bone levels ob-
served in 1955-1957 in Table 5 might, however, 
also be due to a relatively higher »*Sr level in 
Danish diet than in diets from Western Europe 
and U.S.A. in die period before 1958, the year 
when the aforementioned addition of CaCO, to 
Danish flour began. 
The mean level of 1 year infant bone from 
Denmark was in 1964-1965 approx. 8 pCi "Sr/g 
Ca.(1T> This has been the maximum level 
hitherto encountered in any group in human 
bone from Denmark. As the "Sr levels in 
deciduous teeth formed in 1950-1958 in 
Denmark, the Faroes and Greenland arc 
proportional to the diet levels in 1962-1966 
from these areas, and as the deciduous tooth 
levels approximately equal die I-year-old 
infant bone levels, it is reasonable to assume (cf. 
Fig. 2), that the mean level in Farocsc 1-year-
old infant bone in 1964-1965 has been 4 • 8 = 
32 pCi **Sr/g Ca. This level corresponds to an 
annual dose to the bone marrow in 1964-1965 
of 22 mrad.«« 
The level in Greenland infant bone in 1964-
1965 has probably been equal to the Danish 
level, hence the annual dose to the bone marrow 
in this case has been 6 mrad. 
SUMMARY AND CONCLUSIONS 
Since 1953 "Sr has been detectable in all 
types of shed deciduous teeth. From this year 
up until 1958 the level increased by a factor of 
four. The toodi level was nearly proportional 
to the milk level in the year when the child was 
born and in the subsequent year. 
Second molars contained more **Sr than 
incisors and fint molars. In accordance with 
Table 5. A comparison e/pCi "Sr/g Ca testis in borne end teeth 
Year 
1953 
1954 
1955 
1956 
1957 
1958 
l-yr-old infants 
bone in Western 
Europe and U.S.A.««*' 
Mean 
— 
0.7 
0.8 
1.3 
2.6 
S.E. 
— 
0.2 
0.1 
0.1 
0.3 
Number of 
samples in 
the mean 
_ 
— 
8 
15 
21 
15 
Shed deciduous teeth 
from Denmark and 
Greenland (from 
Mean 
0.5 
0.7 
1.0 
1.3 
1.5 
1.7 
S.E. 
0.04 
0.04 
0.04 
0.1 
0.1 
0.2 
Tabic = •) 
Number of 
samples in 
the mean 
26 
30 
26 
22 
18 
12 
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the longer postnatal calcification times of the 
former. 
Farocse teeth contained four times more **Sr 
than teeth from Denmark and Greenland, the 
two latter did not differ significantly from each 
other. The variation between the different 
areas was proportional to the **Sr levels in a 
diet consisting of 75% milk and 25% total diet 
from these areas. 
The "Sr mean level in shed deciduous teeth 
may provide an acceptable estimate of the "Sr 
bone level of the 1-year-old tooth donor. 
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PREDICTION MODELS FOR »»Sr IN SHED DECIDUOUS 
TEETH AND INFANT BONE 
A. AARKROG 
Health Physics Department, Danish Atomic Energy Commission Research 
Establishment Ris«, DK-4000 Roskilde, Denmark 
(Jb»iW24 Nactmkt, 1970; m ncistd/orm 4 Mvch 1971) 
Abstract—Shed deciduous teeth were col'ected in 1986-69 in Denmark, the Faroes and 
Greenland from children born in the period 1953-63. 235 samples of crowns were analysed 
for **Sr. The **Sr levels in deciduous tooth crowns were related to the tall-out rate and the 
accumulated rail-out. The tooth levels in children bom in 1950-62 could be described with 
the same equation as the **Sr bone levels in 1-yr-old infants bom in 1962-68. The prediction 
models for **Sr in teeth and bones showed that for given amount of (all-out the Faroese levels 
became nearly twice as high as the Danish. The maximum teeth and bone levels were found 
in children bom in 1963, where the Faroese level was estimated from the prediction model to 
be24pCi**Sr/gCa. 
INTRODUCTION 
IN AN earlier paper*1' the results of "Sr measure-
ments on shed deciduous teeth collected in 
1962-63 in Denmark, die Faroes and Greenland 
were given. The present material was collected 
in die same areas in die period 1966-69 and is 
made up of teeth from children born until 1963. 
At that time the Danish infant bone measure-
ments were initiated. Thus the gap between 
tooth and bone samples has been closed, at 
least for Denmark, and the calculation of 
prediction models more reliable than those 
used hitherto for infant bone and deciduous 
teeth has been possible. 
MATERIALS AND METHODS 
The samples were treated as previously.1" 
However, the sizes of the samples analysed 
were smaller (2-5 g) this time as the activity 
levels were higher. Figure 1 shows that with 
approximation the *°Sr levels were log normal 
distributed. It is evident that the Faroes 
belong to a distribution different from that of 
Denmark and Greenland. Hence the analysis 
of variance (anova) was carried out separately 
for the Faroes. 
RESULTS AND DISCUSSION 
Table 1 shows the decay-corrected pCi 
**Sr/g Ca levels in the samples of tooth crowns, 
and Tables 2 and 3 are the anovas of the 
natura! logarithm of the figures. 
Tooth crowns 
The anova for Denmark and Greenland 
shows that the variation between areas was 
highly significant. The levels in eastern 
Denmark (the Danish islands and Bornholm) 
were 80 % of the levels in Judand and Greenland 
(cf. Fig. 2). This difference was not significant 
in the samples collected in 1962-65.(1> The 
observation is, however, in agreement with 
human bone measurements from Denmark,1*' 
where Judand shows approx. 20% higher 
levels than eastern Denmark. It is not sur-
prising mat Greenland tooth levels are close to 
the Danish ones as the corresponding "Sr diet 
levels are very similar.**' The Faroese tooth 
levels were, in accordance with earlier observa-
tions,11' approx. 4 times as high as die Danish. 
The variation between years was also highly 
significant. The levels from 1962 and 1963 
show a steep increase as compared with the 
previous years. It is, however, interesting to 
notice that die increase was not so marked for 
the Faroes as for Denmark. Thu is a result of 
the greater dependence on accumulated fall-out 
in the Faroes (soil uptake) dian in Denmark, 
where the diet levels follow the fall-out rate to a 
higher degree (direct contamination) .'*' 
Unlike the previous material'1' the present 
showed no significant difference between tooth 
types. However, incisors still showed the 
lowest levels. The anovas showed that no 
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intcracticns were significant, and the remainder 
was significantly lower than in the material 
from 1962-65 on account of the higher levels 
and the ensuing improved counting statistics. 
As compared with the levels found in the 
teeth collected in 1962-65'" the present 
samples were, for the same tooth type, area and 
year, not significantly different, although on the 
average the new material showed 10% higher 
levels. 
Prediction models 
In an earlier paper'" prediction models for 
*°Sr in human diet and tissue were calculated 
on the basis of data collected in Denmark 
(and the Faroes) in 1962-68. In the same paper 
a table for fall-out rate, d, in mCi ••Sr/km'/yr 
and accumulated fall-out, A, in mCi *°Sr/km* 
was given for the period 1950-68. On the 
basis of this table and on the measurements of 
infant bone collected since 1963" and on the 
present and earlier'1' tooth measurements, 
prediction models were calculated for *°Sr 
in deciduous teeth and infant bone.* 
The wSr mean level in shed deciduous teeth 
* The tooth samples from children born in 1963 
were not used in the calculations as the number or 
samples was too small. 
has earlier'1' been considered as an estimate of 
the *°Sr content in the tooth donor's bone 
when he was 1 yr old. If this model is adapted, 
we will consider bone from children 1-12 
months old,f who died in the year (»' -f- 1), as 
representative of tooth donors born in the year 
(i), as regards their bone levels when they were 
1 yr old. This assumption is justified because 
although the age group 1-12 months old has 
shown bone levels that are 10-15% lower than 
the 1 yr old group,*6' this is balanced out by the 
fact that the infant bone in this material came 
exclusively from Jutland where the levels are 
10-15% higher than the country mean.'* 
When the entire period since 1950 is considered, 
it is furthermore necessary to take the addition 
of creta praeparata to the Danish diet into 
account as this addition was fint begun in 
April 1958. The creta praeparata raised the 
calcium level in the Danish diet by approxima-
tely 50 %. Hence the pCi *°Sr/g Ca tooth levels 
from children born until 1957 were recalculated 
with a multiplication by | . For 1957, which 
t The yearly mean number of bone samples from 
the 1-12 month age group was 25 while it was only 3 
for the 1-2 yr gnup; hence the former group was 
preferred. 
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Tablt 1. pCi **Sr/g Ca in slud deciduous tooih mwnjjhm Dtnmtrk, titt Fmu and Gmtdtmd 
Year of birth 
of the cohort 
Jutland 
The 
Danish 
islands 
Bornholm 
The 
Faroes 
Incisors 
Cuspids 
Molar 
I 
Molar 
11 
Incisors 
Cuspids 
Molar 
1 
Molar 
II 
Incisors 
Cuspids 
Molar 
I 
Molar 
II 
Incisors 
Cuspids 
Molar 
I 
Molar 
II 
1953 
0.49 
0.75 
3.59 
6,25 
1954 
0.68 
0.63 
0.38 
0.98 
0.88 
0.76 
0.75 
3.36 
5.70 
3.12 
1955 
1.30 
1.18 
0.90 
1.14 
1.38 
1.00 
1.06 
1.63 
0.92 
0.96 
0.84 
1.79 
0.87 
1.26 
5.82 
4.22 
3.79 
1956 
1.29 
1.88 
1.38 
1.32 
2.05 
1.97 
1.36 
1.93 
1.15 
1.87 
1.29 
1.39 
2.04 
1.01 
1.20 
1.24 
0.99 
1.02 
1.74 
1.54 
1.00 
1.14 
5.53 
4.97 
4.99 
4.90 
4.80 
1957 
1.53 
1.75 
1.51 
1.94 
2.16 
2.02 
1.85 
1.59 
1.84 
1.20 
1.63 
1.73 
1.89 
1.20 
1.48 
3.60 
0.86 
1.58 
1.66 
1.32 
1.65 
6.17 
6.64 
7.6*5 
5.96 
12.50 
9.75 
8.66 
1958 
2.23 
2.24 
3.02 
2.10 
2.12 
2.24 
2.92 
2.48 
2.46 
2.52 
1.35 
1.76 
1.78 
2.74 
1.45 
1.82 
1.32 
3.06 
2.08 
2.81 
1.86 
2.40 
3.06 
2.12 
2.30 
1.62 
2.22 
2.17 
10.90 
6.98 
6.80 
7.34 
8.59 
5.82 
6.44 
1959 
2.09 
1.83 
2.42 
3.25 
2.59 
1.67 
2.72 
2.27 
2.49 
2.21 
2.14 
1.40 
1.85 
1.86 
1.42 
1.88 
1.68 
1.86 
1.07 
2.27 
2.63 
2.00 
2.70 
1.56 
5.80 
8.30 
11.35 
7.70 
10.33 
8.56 
7.67 
1960 
1.74 
1.66 
2.44 
2.24 
1.76 
2.21 
2.71 
1.40 
1.67 
1.09 
0.81 
1.24 
1.14 
1.24 
1.53 
1.92 
1.19 
1.10 
1.05 
5.24 
5.12 
10.30 
6.68 
7.93 
6.96 
5.86 
1961 
1.80 
3.72 
2.24 
2.58 
1.43 
1.89 
2.46 
1.06 
2.56 
3.10 
2.54 
1.51 
1.64 
6.36 
8.03 
8.97 
6.74 
14.30 
9.53 
8.57 
1962 
5.32 
2.46 
7.60 
3.38 
8.25 
7.14 
10.90 
11.00 
13.23 
1963 
5.99 
4.04 
9.37 
13.52 
Greenland 
Incisors 
Cuspids 
Molar 
I 
Molar 
II 
2.70 1.74 3.22 3.04 1.94 
1.22 1.55 2.13 2.22 2.88 1.91 2.96 
0.83 1.28 1.91 1.77 2.51 2.18 
1.47 1.67 1.44 2.26 2.30 1.43 
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FREDIC«' O.* MODELS FOR **Sr IN SHED DECIDUOUS TEETH 
Taékt. Am^»fnritma*fl*hk{rCi'*SrItC*>m**kam*u/i~Diiml(. 
Dme* Hm,bm,i mimilm) WCnaWfrf . Tabk 1) 
«W*r 
Elfelt SSD 
Main 
2 (actor 
inUractioo 
3bcMr 
Area 
Year 
Taath type 
A m y year 
Year x lyve 
Type x area 
A m x year 
x type 
1.557« 
20.0670 
0i342» 
I .5K4 
IJS7I 
0.7014 
I.9M6 
3 
10 
3 
23 
20 
9 
39 
05193 
2.0O67 
au« 
0 .000 
0.0929 
0.0779 
0.0487 
7.7« 
30.00 
1.71 
1.03 
1.39 
l . l« 
0.73 
> 99.95' 
> 9 » J S ' 
— 
— 
— 
— 
— 
4.8UB 72 0.0te 
TMtX AmfymJ* rtfAt la (pCi »Sr/« Ca) m Mft amnufitm OV *•»» (et. Tabte I) 
Effect 
Maia 
2 beter 
Mteractiea 
Rtmaiiirlii 
Ssuree 
Year 
Tooth type 
Year x type 
SSD 
4.I57B 
0.2212 
15356 
1.0644 
f 
10 
3 
22 
19 
s» 
0.415« 
0.0737 
0.0561 
0.0560 
V * 
7.42 
1.32 
1.00 
T 
> 9 » J S % 
— 
— 
Fa*. 2. Rdatn* pCi "Sr/g Ca kvrb in shed deciduous tooth 
land anc] the Faroes. The Faroese levek were approximate^ 4 
the Greenland levefc. 
ftoat Denmark, Gram* 
a high a» the I 
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pCi "Sr^Co 
• mtoturod tooth lovtls 
i lowlt corroctoa' for n i i i r g 
cr*to protporata in diol 
• mtosurad bon* tovoli ( I - i : month old) 
A bon* lowls coiculatod from infant d*t 
54 51 53 5« 55 56 57 58 59 60 61 62 63 64 65 66 67 S« 
Y*or of donor'ft birth 
FIG. 3. Predicted (curve) and measured *°Sr levels in deciduous tooth crowns and in infant 
(1 yr old) bone from Denmark. The multiple correlation coefficient, r, between observed and 
predicted levels was 0.9915, i.e. highly significant. 
represents a transistional period, the multiplica-
tion factor was estimated to be f. The tooth 
levels used in the prediction models were the 
weighted sample means of the two sampling 
periods (1962-65 and 1966-69) corrected by 
the above-mentioned factors. For children born 
in 1962 the average between tooth crowns 
(4.69 pCi ••Sr/g Ca) and 1-12 month old 
infant bone collects in 1963 (4.21 pCi »°Sr/g 
Ca) was used. 
The prediction equation for Denmark came 
out as; 
(pCi"Sr/g CaJ^th or bona 
= 0.33d(i+i+m+ 0.14</(,_i>+ 0.024^(i), 
where d. 
«+<+l/2) is the mean of the fall-out 
rates in the year of birth (»') and the following 
vear, </«-i> the fall-out rate in the year((_j, and 
A{i) the accumulated fall-out by the end of the 
year of birth. 
Figure 3 shows the prediction curve for 
Denmark compared with the measured (and 
creta-praeparata-corrected) tooth levels and 
with the measured bone levels. 
It has earlier been assumed that the infants' 
diet during the first year of life corresponds to 
75% milk and 25% total (adult) diet.«" Let 
us suppose that the bone levels of the 1 yr old 
child (dead in the year (i -f 1)) or of the tooth 
donor (born in the year (t)) are determined as 
the mean of the pCi *°Sr/g Ca levels of the 
infant diet in the year (t) and (i + 1). Let us 
further assume that the observed ratio between 
infant bone (or deciduous tooth crowns) and 
infant diet is 0.25, which is the normally 
accepted value for newly-formed bone in 
adults.'" It is then possible to calculate the 
bone levels for the years 1959-68 if diet measure-
ments are available. The calculated values 
from diet are also shown in Fig. 3. The multiple 
correlation coefficient, r, between the measured 
bone and tooth levels and the calculated levels 
from diet was 0.9731, i.e. highly significant. 
More refined models taking the pre- and 
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»C, "irfcCo 
50 51 52 53 5* 55 5« 57 5» 59 60 H U (3 64 65 W *7 6« 
V w of denor'ft birth 
Fin. 4. Predicted (curve) and measured MSr levels in deciduous tooth crowns and in 
infant (1 yr old) bone (calculated from infant diet, cf. the text) from the Faroes. The multiple 
correlation coefficient, r, between observed or calcinated and predicted levels respectively was 
0.9936, i.e. highly significant. 
post-natal calcification and the varying dis-
crimination factors for ""Sr into account have 
earlier been applied.11' The correlation shown 
in Fig. 3 indicates, however, that such refine-
ments are hardly justified. 
From the Faroes we have no measurements 
on infant bone. However, the bone levels 
could be calculated from the Faroese milk and 
total-diet determinations'4' in analogy with the 
above-mentioned procedure. From the mea-
sured wSr levels in deciduous teeth crowns 
(recalculated with respect to missing creta 
praeparata in the diet as described above for 
Denmark) and from the calculated bone levels 
the prediction equation: 
(pCi »Sr/g Ca)teeth 
or bone 
= 0.48(/(<+<+i/2) + 0.33d«.,, + 0.046Y4«> 
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shown in Fig. 4 was obtained. The fall-out data 
were as for Denmark obtained from Ref. 5. 
A comparison between the Danish and 
Faroese prediction models shows that for a 
given amount of fall-out the Faroese bone levels 
become nearly twice a.« high as the Danish. 
Similar observations have earlier been made 
for milk from the two areas,18' where the 
Faroese *°Sr levels for a given amount of 
fall-out were nearly 3 times as high as the 
Danish levels. The difference between milk 
from the two areas is greater than the bone 
difference because beside Farocse-produced 
milk the infant diet in the Faroes contains 
milk as well as other diet components imported 
from Denmark. 
In the first report on deciduous, teeth'1' the 
Faroese infant bone levels in 1964-65 were 
estimated at 32 pCi *°Sr/g Ca. This estimate 
was based on the assumption that the Farocsc 
levels were 4 times as high as the Danish. 
During periods with high fall-out rates as in 
1963-64 this assumption does, however, not 
come true. The prediction equations in Figs. 3 
and 4 show that the ratio between the Faroese 
and Danish rate factors is less than the ratios 
for the "lag" and the cumulative factors. 
Hence, during periods with intensive fall-out 
where thr rate term in the equations plays an 
important role for the *°Sr levels, the ratio 
between Faroese and Danish bone levels 
becomes less than 4 (cf. also Fig. 2) . 
CONCLUSION 
The agreement between predicted and ob-
served tooth and bone levels (cf. Figs 3 and 4) 
supports the theory that the pCi *°Sr/g Ca 
ratio in deciduous tooth crowns equals the bone 
level of 1-yr old infants and vice versa. The 
agreement furthermore indicates that die earlier 
estimated fall-out levels for the period 1950-61 '•> 
have not been far off the actual •\ll-out situation 
in Denmark and the Faroes in this period 
Furthermore the use of an infant diet model 
consisting of 75% milk and 25% adult diet for 
the calculation of the tooth and bone levels on 
the basis of an observed ratio between bone 
tissue and diet of C.25 has been shown to be 
justified. 
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CÆSIUM-137 FROM FALL-OUT IN 
HUMAN MILK 
By A. AARKROG 
Health Physfci Department. DwWi Atomic Energy 
Commbwen. Rantrth Establishment. Riso. Roskilde 
IT is well known that in human milk the ratio between stronthxm-90 and calcium is lower than in tha diet of 
the mother1. Only (pane information exists as regards a 
comprrison of the contents of cesium-137 (the other 
long-lived biologically significant fission product) in a 
mother's milk and in her diet. Several animal experiment* 
have been performed by Wamerman. Comar and Twar-
dock* and have shown that the "'Cs'K ratio in goats' 
milk is 1-4 based on a dietary >"Cs/K ratio of unity. 
The following measurements were performed with milk 
from a primipara 24-year-old Danish woman, who bore a 
child October IS, 1961. The milk was collected daily during 
the period November 1, 1961-September 10, 1962. Until 
the last half of August 1962 the daily mean production 
of milk was about 1) 1.; of this, about } 1. per day was 
consumed by her baby; the rest was obtained for analyses. 
The milk used for analyses was identical to the milk used 
for the feeding of the baby, as the mother drew out all 
milk before each feeding and fed the baby from a feeding-
bottle. Most of the daily samples were dried and ashed 
(at 4W-450* C), and the ash was bulked into monthly 
samples before measurement. These ashed samples have 
been measured in a 3 in. x 4 in. well-type sodium iodide 
(Tl) crystal (Harshaw) with a 50-ml. well. Several samples 
were, however, measured as fresh milk in a 1-6 1. can, 
which fits around a 3 in. x 3 in. sodium iodide (Tl) 
crystal (Harshaw). The pulses were analysed in a TMC256 
channel analyser. 
Table 1 shows the results of the monthly measurements 
and gives furthermore, for comparison, the levels of 
monthly collected dried milk samples from dairy cows 
living in the same part of the country as the woman. 
Table 1 shows that the human milk (as well as the cows' 
milk) displays a variation in content of csesium-137 with 
time. In the winter and in early spring, before the dairy 
cows started gracing, the human milk-levels were rather 
constant: 8*4 ± 0-5 pc. '"Cs/g K. In May the level rose 
by a factor of nearly four, and in the following three 
months, June-August, the level was nearly constant: 
34 pc. "*Cf/g K. Already, n September, Danish Jsiry 
cows start to have an increasing amount of food other 
than grass, and the effect of this decreasing contribution 
from gracing was observed both in the human milk and 
in the cows' milk collected in September. 
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As the content of cmium-137 in th« human milk 
appeaml to bo nearly constant in the period November-
Marrh (Table 1). tuul as tho mother wan on * regular diet 
in thi« period (I kg dairy products. 0-15 kg grain product*. 
0-3 kg fruit and vegetables. 0-2 kg meat, fish and egg*. 
ami 08 kg water a* tea or rofnw). it was anticipated that 
a steady state IKHSTWI the mother, her diet and her milk 
had been n-nclM-d. The mother'* diet and her milk were 
galhen«! for one wenk in Marrh. The diet-sampling was 
performed by having the mother prepare double portions 
of .very thing she consumed in the week the experiment 
ran- The duplicates w.-rr. put into a pail, which was sent 
to the laboratory. Six months later, in the beginning of 
September, the experiment was repeated, but unfortun-
ately the milk-production was decreasing rapidly in this 
period, mid after Septembrr 10 only very little milk was 
secreted. Table 2 shows tho results front the two periods. 
'Table 2 shows that the "'Cs/K ratio is higher in the 
donor's milk than in her diet. The ratios between oesium-
137 secreted by the milk anil ingested with the diet are 
ndalod to the amount of milk secreted. Thus the per-
centages of ingested caesium-137 secreted per litre milk 
only differ slightly for the two experimental periods. 
March and September. As probable explanations for the 
relatively large difference* between the observed ratios 
liotween milk and diet from the two month*, beside the 
differences duo Io variation in milk production, one could 
mention that the daily average intake of potassium with 
diet in March was 2-N g against 2-2 g in •September, and 
that the concentration of potassium in the human milk 
from September WIM about 20 pur cent higher than in 
the milk from March; but most important, that the 
September period wa* just before the end of the lactation 
l>rrimi and thus roiikl not be assumed as representing a 
steady »tote. 
To get nn estimate or how murh and how long a time it 
would tako for a single oral c;psium-137 dose given by 
the food to he excreted in the milk. 260gof reindeer meat 
from Greenland was given to the milk donor on April 2C. 
Liden1 hs* shown that reindeer meat has » relatively high 
cawium-137 content, and thus is suited a* a tracer in 
human hirlogical experiments. The total content of 
cswium-137 in the 260 g of naeat was measured at ».»00 ± 
TaMe S. A COHMUMMi i n w i n ta* L I V I U or Craua-137 i> Bmua MIL« AUD l» n s DKT OI T M DOMoa 
(pe. '"Ci/i S) otUk pc. '"O w U r i Ia«MMdu'C< 
parted aaapet pe. ""Cart X ae. "Mfc w n M pe. »'0» In«nl.<1 - Henfadptf I.ailk 
Sitly lu the ntUk deiljr wtth diet (pe. '"CWl K> diet pe. »•C. najteted (par eant) 
Hank. 10-1«. IMt MUk M i M t i l - 1»±0-1 M t i M i It i I 
"" "l B-M. IMt DtH 4'« t 0-t — K i l 
4-10. H U MUk I H i H » ± t — 11 ± 0 1 0-17 J: 0-04 i* t T 
*-n. U t t DM H l t » I — M ± 6 
Dw etrar Mnaa la la* UWe ladkal* oae S.D. do* to the meaaurauwM. 
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SS pe. The milk was collected end meaaiimt (moatly aa 
fresh milk) during the nionth following intake. Table 3 
shows the result«. 
Thia experiment waa complicated by the fact that the 
dairy cow» in thu |iert of thu country where thn milk donor 
ia living bogaii grazing about thu middle of Ha ythia 
ytier ami consiiqwntiy the 'normal' ca»ium-137 content 
in tbo mother'* milk increaaed by a factor of nearly 4 
(Table 1) during the experiment. However, it it evident 
from the figumx in Table 3 that about 7 per cent of the 
ingested dow of irawinm-137 wai excreted in the milk 
within the tint week after the intake of the reindeer meat, 
and within a fortnight about 10 par cent waa excreted by 
the milk. *'or dairy cowa. it haa bean ahown* that about 
10 por cent of a »ingle oral dose of radiocarmum will, in a 
7 days collection period, bo recovered in the milk. 
The prveont inveatigation indicates that babies fed on 
human milk could bo expoerd to • greater (waium-13? 
body burden than if they were fod on milk from dairy 
town, provided that the diet of the mother ahowa a 
greater (about 2 3 timoa) '"Ce/K ratio than thn cowa' 
milk. It ahoukl be mentionoil that tho specific cawiuin-137 
activity per litre cowa' milk normally will bo greater than 
in human milk, oven if the '"Cs/K ratio ia greater in the 
human milk. Thia ia due to the fact that tho concentration 
of potassium in human l..ilk ia only about ono-thinl tho 
inncvn tret ion of potwariinn in cowe' milk. 
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